THE TWORT-D’HERELLE PHENOMENON. 


II. AND VARIATION. 


ANDRE GRATIA, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


Prates 


(Received for publication, June 28, 1921.) 


preceding paper (1) the present knowledge the phenomenon 
transmissible microbic lysis discovered Twort and d’Hérelle 
was reviewed; there was described the method means which 
dissociated culture into two types organisms, merely allowing 
culture Bacillus coli age. One, Type very sensitive 
destructive influences, such desiccation and transmissible lysis. 
The other, the contrary, much more resistant. Besides these 
differences vulnerability, the organisms are also distinguished 
other properties; namely, motility and virulence. 

Since that time have had opportunity isolate greater 
number different types Bacillus coli, all derived from the same 
original strain, will described this article. 


Characteristics Original Bacillus coli (coli O). 


The culture employed was derived from strain given d’Hérelle 
Bordet and Ciuca. Before beginning their experiment, Bordet 
and Ciuca made three successive isolations order start, far 
possible, with culture arising from single organism, and was 
from this source that our culture was derived. 

Besides the general properties coli, such sugar fermen- 
tation and gas and indole production, this original strain Bacillus 
coli possesses the following characteristics. The colonies agar 
plates are large, flat, grape leaf-shaped, and very fluorescent. Coli 
non-motile and very sensitive the lytic agent, shown 
the following tests. 
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Motility order test the motility strain, stab culture made 
into semisolid agar (0.5 per cent agar). none the organisms culture are 
motile, the growth confined the line puncture. the other hand, they 
are all uniformly motile, they diffuse through the mass agar and produce 
uniform turbidity. they have variable motility the result combination 
the two preceding pictures, that say, dense growth appears close the 
line puncture and surrounded diffuse zone turbidity. This test 
always controlled microscopic examination broth cultures. 

Resistance Test.—A suitable resistance test found the method Bordet 
and Ciuca, slightly modified. authors place drop lytic agent 
hour culture coli agar slant. Resistant colonies grow the path 
clarification left the drop. The number these resistant varies 
directly with the resistance the strain. 

order avoid the confusion that might result from the purely mechanical 
effect the drop the young growth, prefer place the drop sterile 
agar slant first, and then seed the tube with coli This method 
shows that coli very sensitive. Only very few resistant colonies appear 
the zone agar touched the lytic agent. 


Action the Lytic Agent and Ciuca have shown 
that when few drops lytic agent are added broth culture 
coli almost complete dissolution occurs, with the exception 
very few resistant organisms. When transplanted agar slant 
these organisms produce very scanty, irregular culture the begin- 
ning, but after several passages the growth becomes more and more 
luxuriant and distinguished from the original culture certain 
characteristics. organisms resist the lytic agent but have now 
acquired themselves lytic properties and become lysogenic, capable 
over, when planted slanted agar, mucoid culture results. They 
are also less phagocytable and more virulent. 

found that all the bacilli comprising culture this modified 
coli not possess all these characteristics, which are rather shared 
different types organisms the culture. The following experi- 
ment shows that the modified coli very heterogeneous culture. 


Experiment 1.—0.5 cc. increasing dilutions lytic agent 10-*, 
straight broth) were mixed respectively with 0.5 cc. hour broth 
culture coli diluted Immediately afterward, these mixtures were 
plated Petri dishes with cc. plain agar and incubated 37°C. After 
hours the result shown Fig. was obtained; Plate the control, normal 
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culture coli and the following plates, cultures mixed with increas- 
ing quantity lytic agent. 


shown preceding paper (1), the number resistant colonies 
left varies inverse proportion the amount lytic agent. But 
aside from this fact, possible distinguish three types colonies: 
(1) mucoid (Fig. 2); (2) non-mucoid and regular (Fig. and F); 
and (3) non-mucoid and irregular (Fig. and D). 


Mucoid Colonies, coliO 


Such colonies are found only occasionally and may necessary 
repeat the experiment several times find one colony this type. 
They are regular, large, convex, translucent, and non-fluorescent. 

curious picture results. The mucoid and translucent growth 
studded with numerous opaque spots (Fig. Among the isolated 
colonies some are entirely opaque, some entirely translucent, and 
some mixed. Transplanted, opaque colony gives only homo- 
geneous opaque growth. the contrary, translucent colony 
reproduces the same mixture translucent and opaque colonies. 
Thus, the translucent growth very unstable form which 
ordinary culture very quickly overgrown the more stable opaque 
form. order avoid complications, only the latter form will 
considered under the distinctive denomination coli 

Coli like the original coli from which derived, non- 
motile but resistant the lytic agent. shown 
the following test, not lysogenic capable inducing dissolution 
normal culture sensitive Bacillus 


Lysogenic technique based the fact that lysogenic organisms 
added, even very small number, young broth culture sensitive 
coli produce lysis this culture. The planted 
(pH the culture hours old, centrifuged and 0.5 cc. 
the clear supernatant fluid, still containing small number organisms, 
When the growth the mixture, compared with normal culture coli con- 
trol, exhibits evidence inhibition and dissolution, the test positive. 

This not the case for coli 


q 
fic 
7 


290 TWORT-D’HERELLE PHENOMENON. 


summarize, coli non-motile, very resistant, and non- 


lysogenic organism producing large, round, mucoid, and non-fluores- 
cent colonies. 


Non-Mucoid Regular Colonies, coliO 


These colonies are found the two last plates Experiment 
that say, those plates which the lytic agent present 
high concentration F). They are small, round, convex, 
hyaline, and non-fluorescent and retain these characteristics when 
transplanted agar plates (Fig. A). Coli also very re- 
sistant, non-lysogenic, and non-motile. 


Non-Mucoid Irregular Colonies. 


They exist only the plates which the lytic agent present 
moderate quantity (Fig. Plates and D). They are large, flat, 
non-fluorescent, and extremely irregular. 


Experiment 2.—A trace irregular colony was streaked agar plate. 
the first streaks the growth was scanty and irregular; but the subsequent 
streaks the colonies became less irregular, showing sometimes only slight inden- 
tation confined portion the edge, and finally, perfectly regular large flat 
colonies could found the last streaks. 


Irregular colonies can transplanted series many times with 
the same result. Nevertheless, after certain number generations, 
the proportion regular colonies appearing streaks increases. 


Experiment 3.—An irregular colony, the irregular edge partially irregular 
colony, was planted broth. very slowly growing culture resulted which was 
lysogenic. 


Irregular colonies are thus lysogenic. the other hand, the 
regular colonies found the last streaks have lost this property, 
seen the following experiment. 


Experiment 4.—A regular colony, the regular edge partially irregular 
colony, was streaked agar plate. Only regular colonies appeared. They 
were large, flat, and non-fluorescent. Transplanted broth, they gave normal 
rapidly growing culture non-lysogenic and non-resistant organisms. 
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Thus evident that the lysogenic property intimately related 
this irregular growth first described Bordet and Ciuca (2). 
This not only the case for Bacillus coli but general rule, since 
similar observations have already been made Kuttner for typhoid 
bacilli (3), Wollstein for Shiga bacilli (4), and myself for staphy- 
lococci (5). 

evident also that irregular colonies are diseased colonies and 
that indentations must considered lesions. Our experiments 
show that when the diseased material streaked agar plates, the 
lesions are very numerous the first streaks but gradually disappear 
the following ones and that the last streaks only perfectly 
regular, healthy, and non-lysogenic colonies are found. 

results also from the preceding observations that all the organisms 
composing culture coli not respond the same way the 
lytic agent. (1) Some are sensitive that they are dissolved even 
very dilute filtrate (spots clarification, Fig. Plate B). (2) 
Some are just resistant enough survive and grow the presence 
moderate quantity lytic agent, but they are still weak organ- 
isms, and, they are more less affected the lytic agent, they 
produce diseased irregular colonies. They are the lysogenic organisms 
Bordet and Ciuca. When streaked agar plates, they can recover 
and produce the last streaks regular, large, flat colonies made 
sensitive and non-lysogenic organisms. (3) Only few individuals 
are sufficiently resistant survive the strong action concentrated 
lytic agent. They are absolutely invulnerable the lysis and pro- 
duce regular, small, convex, and hyaline colonies very resistant and 
non-lysogenic organisms (4) Among these very resistant 
bacilli only very few are mucoid. 

The three principal characteristics the modified coli Bordet 
and Ciuca, resistance, lysogenic properties, and mucoid growth, 
are thus shared among difierent organisms. 


Irregular lysogenic 


colonies 
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Action the Lytic Agent coli and coli 


described preceding paper (1), two different types 
organisms, coli and coli have been obtained allowing coli 
age. Both types have lost the property producing mucoid 
growth when submitted the lytic agent. 


Experiment hour broth cultures coli and coli were added respec- 
tively 0.2 cc. lytic agent, and incubated 37°C. When loopful each 
partially dissolved culture was planted agar slants hours later, scanty 
and irregular culture resulted which, after several passages, grew more readily, 
indeed, but never became mucoid. 


This result confirmed and explained the following experiment. 


Experiment 6.—The technique used Experiment for was applied 
coli and coli Again irregular lysogenic colonies were found the plates 
containing weak lytic agent, and regular resistant colonies the plates containing 
concentrated lytic agent. But any case, spite large number experi- 
ments, mucoid colonies have been found. 


other words, neither coli nor coli contains any mucoid organ- 
ism, or, least, any organism capable becoming mucoid. 

Another striking observation can made this experiment. 
account its greater resistance, coli gives greater number 
round resistant colonies and only very few irregular lysogenic 
colonies. Moreover, when streaked agar plates, the irregular 
growth cannot preserved any length time; hence, the end 
three four passages, the growth almost completely regular. Thus, 
coli not only less affected the lytic agent than the more sensi- 
tive strains, and coli but also recovers more quickly. 

the ultimate result the lytic agent coli and coli thus 
obtain resistant, non-lysogenic, non-mucoid organisms. organ- 
isms shall term coli and coli respectively. Coli 
non-motile, and, when transplanted, grows very slowly, producing 
only slight turbidity broth and very small round hyaline colonies 
agar plates. Coli the other hand, very motile and grows 
quickly. 


Coli lytic agent Resistant coli 


(non-motile) lytic agent Resistant coli 


(motile) (motile) 
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Further the Modified coli. 


agar slant modified coli, obtained Bordet and Ciuca, was 
kept the ice box for several months before being used the fol- 
lowing experiments. 


Experiment old modified was transplanted each day agar slants. 
The culture remained mucoid and lysogenic. 

trace the modified coli was streaked agar plate and 
after hours incubation two types colonies were found: the more numerous 
were mucoid, the others—only few—were non-mucoid. Both types colonies 
were round and non-lysogenic. 

Experiment 9.—Both types were streaked respectively agar plates, and since 
this first isolation two pure cultures have been obtained which breed true—a 
mucoid one, coli (Fig. B), and non-mucoid one, coli 


(non-motile) coli 


(motile, non-mucoid) 


matter fact, will seen later that these strains cannot 
identified with any the types above described. 


Characteristics and Evolution coli 


When streaked agar plates, coli produces large, flat, pale 
blue, translucent, and non-fluorescent colonies. Different individuals 
that type vary greatly their motility, observed microscopic 
examination and planting semisolid medium. Submitted the 
resistance test, they show average resistance; they not 
possess the absolute invulnerability coli coli but the 
path clarification left the drop agar slant coli can 
completely recovered resistant growth early hours 
after seeding. The lysogenic test negative. All these charac- 
teristics are maintained indefinitely. When freshly isolated, 
spontaneously agglutinable plain broth. But this character 
transient and disappears after few passages broth slanted 
agar. 

The most interesting property coli its remarkable ability 
give mucoid growth when again submitted the lytic agent. 
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Experiment 10.—0.2 cc. lytic agent was added broth culture coli 
hour, 8.0). rather easy and almost complete dissolution occurred. 
After hours incubation, loopful the partially dissolved culture was streaked 
agar plates and gave the result shown Fig. the first streak, 
which the living bacilli and the lytic broth had been spread abundance, the 
growth was scanty and irregular, but became less and less irregular the fol- 
lowing streaks, and was finally completely regular the last streaks. This, 
was expected from our former observations, but the remarkable 
fact was that certain number mucoid colonies was present the first streak, 
‘very often covering the debris almost completely dissolved irregular colony 
coli (Figs. and 6). 

Experiment experiment the preceding one, but the sample the 
dissolved culture was taken and streaked only after days incubation. this 
case the colonies were mucoid. 


(non-mucoid) (mucoid) 


may concluded that different types coli differ greatly 
their ability give mucoid growth when submitted the action 
the lytic agent. Some, like coli and coli lack this property 
entirely; others, like coli have certain extent; and some, 
like coli have very high degree. 


Characteristics and Evolution coli 


Streaked agar plates, coli gives very large colonies, extremely 
mucoid, opaque, and fluorescent. Like coli these organisms 
have variable motility, average resistance, and lysogenic 
properties. 


Experiment 12.—Coli was streaked every day agar plates, and retained 
these characteristics even after great number passages. But occasionally 
showed portion its edge kind indentation where the growth was 
non-mucoid. ‘This transformation mucoid into non-mucoid growth has very 
typical aspect which can seen Fig. 

Experiment 13.—A trace the non-mucoid material the indentation described 
the foregoing experiment was streaked agar plates and gave pure culture 
non-mucoid and non-motile organisms (coli which possesses absolutely 
all the characteristics coli and which, therefore, can considered rever- 
sion the original type. 


With the exception this occasional reversion, coli very 
stable agar plates, since only mucoid colonies have been observed 
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the course more than platings. Coli very stable also 
when kept growing synthetic medium, the following experi- 
ment shows. 


Experiment 14.—Coli was seeded tube synthetic medium, composed 
follows: 


7.4 


Transplantations were renewed daily. the same time loopful each 
hour culture was streaked agar plates, order control the behavior 
coli the synthetic medium. Nothing but mucoid colonies was found 
the plates the course more than fifteen passages synthetic 
medium. 


Quite different was the result when coli was planted plain 
broth. 


Experiment experiment the preceding one, but plain broth was 
substituted for synthetic medium. Since the first passage plain broth certain 
number non-mucoid bacilli has appeared, shown the corresponding plate 
which, among mucoid colonies, certain number non-mucoid colonies was 
found. the end ten passages plain broth, almost all the bacilli were non- 
mucoid. 


Plain broth realizes, then, condition which does not exist agar 
plates synthetic medium, and which induces the transformation 

This new non-mucoid form derived from coli broth not 
all similar the non-mucoid reversion, coli which appears 
occasionally agar plates. The first extremely motile, while the 
latter not. Nor similar the motile non-mucoid modified 
coli described above under the denomination coli because 
coli have seen, becomes very easily mucoid again when 
submitted the lytic agent, while coli never reverts the 
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mucoid form, even the presence lytic agent, shown the 
following experiment. 


Experiment 16.—5 drops lytic agent were added respectively hour cul- 
tures coli and coli 1b, and both mixtures were allowed incubate 
37°C. for several days. loopful each mixture was streaked every day agar 
plates order control the appearance mucoid bacilli. While numerous 
mucoid bacilli have already appeared since the day the mixture coli 
with lytic agent, not one could detected the mixture coli even after 
days incubation. 

(mucoid, motile) 


Coli 
coli (mucoid, motile) 
motile) Coli ColiO 
non-motile) 


(non-mucoid, motile) 


dinary granular growth when freshly isolated and transplanted 
broth. Soon after transplantation, heavy clumps appear, which 
sediment the bottom the tube, leaving clear supernatant broth. 

This property led make rather unexpected parallel with the 
recent observations Kruif the bacillus rabbit septicemia 
(6). This author observed the dissociation the bacillus into two 
types: one extremely virulent, produces opaque and very fluores- 
cent colonies agar plates, and grows diffusely broth (Type D); 
the other type avirulent, produces translucent and weakly fluores- 
cent colonies, and gives granular growth broth (Type G). 

The similarity with our last findings evident. Like Type 
coli gives opaque, very fluorescent colonies, and grows diffusely 
broth; the other hand, like Type gives translucent 
and weakly fluorescent colonies and produces granular growth 
broth. According recent experiments Kruif, Type able 
change into Type when kept growing broth; coli also 
has thus far been observed, even the presence lytic agent. 
Because this parallelism, seems that the facts pointed out 
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Kruif are not special feature the bacillus rabbit septice- 
mia, but have more general bearing. 

Besides, our attention has been called repeatedly similar facts 
reported Arkwright (7), who found that Bacillus 
Bacillus typhosus, Bacillus paratyphosus, and Bacillus enteritides, could 
made yield two forms, the rough form, which makes 
stable emulsions, and the smooth form, which spontaneously 
agglutinable. This distinction similar that, for instance, the 
case coli and coli and also that the case coli 
and coli 


General Properties the Different Types. 


the course our studies the transmissible autolysis 
lus coli, have thus isolated ten different types organisms, all 


TABLE 

Type. Resistance. Motility. Fluorescence. 


derived from the original Bacillus coli Bordet and Ciuca. They 
are perfectly distinguished from each other striking characteristics, 
such size, shape, opacity and fluorescence colonies, mucoid 
non-mucoid growth, ability yield mucoid growth the presence 
lytic agent, motility, resistance desiccation and lytic agent, 
etc. specific properties the colon bacillus are 
preserved; namely, the fermentation carbohydrates, with the 
exception saccharose, and the production indole. The following 
experiment deals with the agglutination reaction. 
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Experiment 17.—Rabbits were immunized respectively with coli and 
coli The agglutinating power the three antisera obtained was tested 
nine our strains the following technique advised Bordet and Ciuca. 
Increasing dilutions the three antisera were made with plain broth and cc. 

each dilution each serum was seeded respectively with one the nine strains 
and incubated 37°C. When the bacilli grew clumps, the result was con- 
sidered positive. When the growth was diffuse the result was considered neg- 

ative. The results are shown Table 


TABLE II. 


Titer 


Antiserum. 


Two interesting facts appeared this experiment. (1) While all 
the other strains grew clumps the presence any the three 
antisera, only the original coli (coli and the reversion the original 
type (coli were not agglutinable, even their corresponding 
antiserum, the serum obtained from rabbit immunized with 
coli which, however, agglutinated the other types. very 
interesting that Type which already considered rever- 
sion account its similarity with the original Bacillus coli, shows 
the same lack agglutinability (2) The titer the anti- 
coli serum and anti-coli serum was greater than 1:5,000, while, 
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the other hand, the power anti-O serum was much lower and 
hardly reached titer 1:500. Coli not only non-agglutinable 
but possesses also weak antigenic power. 


DISCUSSION. 


What the nature the different variations above described? 

The notion contamination can disregarded with certainty, 
not only consideration the care constantly taken but because 
has been possible reproduce the experiments any time, always 
with the same expected result, and because certain number our 
types have been isolated simultaneously Brussels Bordet and 
Ciuca from the same strain Bacillus coli. 

The range the variation never goes beyond the limit the species: 
all the strains still possess the specific properties Bacillus 

All the types, once isolated and regularly transplanted, keep 
their individuality even after several months. They are thus stable. 
Nevertheless, they are not all uniformly stable, and certain types, 
like coli for instance, still readily undergo changes under certain 
definite influences. 

out the question also say that the eleven types coexisted 
the original strain, because order admit such coexistence 
would necessary imagine that least eleven different organisms, 
each them representing one our variations, came together through 
the three successive isolations performed before the present studies 
were begun. have thus been forced accept the conclusion that 
the different types observed are the result changes occurring the 
original Bacillus coli the course these studies. The new types 
always appear under certain definite conditions the environment, 
but still impossible determine whether the external influence 
the direct cause the variation only occasional factor which 
makes apparent, mere selection, modified germ already present 
but too small numbers detected, and produced independently 
the environment itself. 

common observation that transmissible lysis bacterium, 
induced under certain influences such stool filtrate, peritoneal 
exudate, tissue extracts, and vaccine, happens rather haphazard 
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and irregular fashion and seems question luck. This fact 
easily explained the hypothesis bacteriophage virus. But 
the phenomenon not due virus, but suggested Bordet and 
Ciuca, some autolytic vitiation the bacteria, the irregularity 
with which the phenomenon promoted must find its cause the 
bacteria themselves. possible that given bacterium not 
always capable starting the lysis. Various forms Bacillus coli 
appear differ their properties, for example their behavior 
toward the lytic agent. Certain forms become mucoid the 
presence the lytic agent. Similarly, may possible for only 
certain form undergo autolysis. order start the dissolution 
necessary employ the proper forms bacteria. 


SUMMARY. 


When the few individuals still alive dissolved culture 
Bacillus coli are transplanted slanted agar, culture results which 
possesses new characteristics. First obsérved Bordet and Ciuca, 
this culture received the temporary name modified coli. 

the study described above, found that this modified coli 
very heterogeneous and that its three principal characteristics, resis- 
tance lysis, lysogenic properties, and mucoid growth, are shared 
among different types organisms that can isolated when the 
normal original coli (coli plated together with increasing quanti- 
ties the lytic agent: certain number bacilli are just resistant 
enough survive and grow the presence moderate quantity 
lytic agent, but they are still more less sensitive and produce 
irregular, and lysogenic colonies; (b) few the organisms 
are able resist concentrated lytic agent; they are entirely resistant 
and give round, healthy, and non-lysogenic colonies (coli 2); 
and (c) among these resistant bacilli only very few are mucoid (coli 
All these types are not motile and not fluorescent. 

The original coli, when allowed age, can dissociated, 
have shown preceding paper (1), into two types organisms, 
the non-motile coli and the very motile coli Submitted lysis, 
coli gives very small number, coli much greater number 
resistant organisms (coli and coli R), but both types never 
yield any mucoid growth. 
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culture the modified obtained Bordet and Ciuca, 
when streaked agar plate, gives two types colonies: mucoid 
and fluorescent type and non-mucoid and translucent 
type (coli 2). Both types are motile. 

once isolated, keeps its individuality even after several 
passages artificial media, but again submitted the lytic agent, 
great number mucoid bacilli are found among the organisms which 
are still alive. 

Consequently, different types coli differ greatly their 
ability give mucoid growth when submitted the lytic agent. 
Some, like coli and coli not possess this Others, 
like possess certain extent, and some, like coli 
have very high degree. 

The mucoid and motile Bacillus coli when streaked every 
day agar plates, remains indefinitely mucoid and motile, but 
occasionally mucoid colony shows indentation made non- 
mucoid growth, which, transplanted, gives pure culture non- 
mucoid and non-motile organisms, coli This new type pos- 
sesses all the characteristics the original strain Bacillus colt, 
and therefore must considered reversion. 

The mucoid and motile Bacillus coli kept growing syn- 
thetic medium, remains perfectly stable; the other hand, when 
transplanted broth, Bacillus coli turns very quickly into 
non-mucoid but still very motile organism, Bacillus coli 
This last type, which produces translucent colonies agar and grows 
granular broth, never reverts the mucoid form, even the pres- 
ence lytic agent. 

strain Bacillus coli has thus been made yield eleven 
different forms, all distinguished striking characteristics, but still 
possessing the specific properties Bacillus coli. 

Nine these forms have been submitted antisera prepared with 
three different types (Bacillus coli Bacillus coliS, and 
While seven out these nine strains were agglutinated any the 
three antisera, only the original Bacillus coli (Bacillus coli and the 
reversion the original type (Bacillus coli were not agglu- 
tinable, even their corresponding antiserum; the serum 
obtained from rabbit immunized with Bacillus coli which, how- 
ever, agglutinated the other types. 
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EXPLANATION PLATES. 


PLATE 


Coli plated with increasing quantities lytic 
agent (O, 10-4, Control; normal culture coli 
PlatesB, C,andD. ColiO moderate quantities lytic agent; note the 
great number irregular colonies. Coli concentrated 


lytic agent; note the presence only small regular colonies. mucoid colonies 
are found this experiment. 


When Experiment repeated several times, mucoid colony can 
occasionally found. plate coli mixed with concentrated lytic 
agent. Besides the small regular colonies, two large mucoid colonies are visible. 

Plate small round colony Plate Fig. was planted and 
gave pure culture The lower mucoid colony seen 
Fig. was transplanted and gave mucoid culture note the translu- 
cent growth studded with opaque spots. 

coli was streaked agar plate. the first streak the growth very 
irregular and contains certain number mucoid colonies. the second, the 
colonies have already become less irregular, and the third they are normal. 

ing mucoid colonies among the very irregular colonies 

Fic.6. Thesame. mucoid colony recovering the debris colony coli 

tion non-mucoid growth (light) issues from the mucoid growth (dark). 
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THE CULTIVATION AND BIOLOGICAL CHARACTERISTICS 
OBERMEIERI (RECURRENTIS). 


(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, June 1921.) 


The spirochetes relapsing fever were first cultivated 1912. 
employed culture medium consisting ascitic fluid which fragment 
fresh sterile rabbit kidney had been added. Noguchi placed considerable stress 
the character the ascitic fluid used, selecting only such gave fibrin forma- 
tion throughout the medium after inoculation. The culture fluid was inoculated 
with infected rat blood, and covered with layer paraffin oil. this method 
succeeded growing these organisms through number generations. 
maximum growth occurred between the 4th and 6th days, which period sub- 
cultures were made. This technique was successfully applied Plotz? culti- 
vating these spirochetes from the blood patients. Subsequent Noguchi’s 
report, cultivated Spirocheta obermeieri horse serum diluted with saline 
solution and coagulated 70°C. found that the presence kidney the 
organisms lived only short time, but that substituting fragment blood 
clot for kidney, they survived and remained infective for long period. Recently 
has reported successful results with inactivated rabbit serum without 
kidney. 


The principle underlying the cultivation was dis- 
covered Noguchi. However, there are certain details the prep- 
aration the medium and the conditions controlling the growth 
these organisms which had not been fully studied. 

our attempts cultivate the spirochetes relapsing fever 
the different methods outlined above, found the Noguchi method 
the most satisfactory, but our hands the results were inconstant. 
Occasionally good initial growth was obtained, but was not 
always possible carry the culture second generation. Fre- 


Noguchi, H., Exp. Med., 1912, xvi, 199. 
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quently the same medium, either growth occurred spite 
rich inoculum, abundant growth was suddenly terminated 
rapid degeneration the end the 3rd 4th day. was evident 
that were dealing with certain unknown variables the culture 
media which one instance made suitable and another unsuit- 
able for the growth the spirochetes. Furthermore, was evident 
that even favorable medium changes were rapidly taking place 

which rendered unfavorable. Therefore, seemed desirable 
more fully the factors the growth requirements these 
organisms. obermeieri was the type used these 
experiments. 


Culture Media. 


Constituents the findings, with regard the basic 
constituents the most favorable culture media, agreed the main 
with those former workers, and may summarized briefly 
follows: 

Animal fluids are necessary for the growth 
Ascitic fluid, horse and rabbit serum serve this purpose equally well. 
Inactivation the serum was found unnecessary, and coagula- 
tion undesirable. Dilution the serum with one two parts 
normal salt solution does not impair its nutrient properties. Growth 
more rapid undiluted serum, but the viability the culture 
greater diluted serum. The addition kidney not necessary. 

The physical condition the medium seems exert important 
influence. The growth activity the culture markedly increased 
the presence small amount agar fibrin suggested 
Noguchi, who found them favorable for Leptospira icteroides. Under 
these conditions, growth more abundant and the spirochetes are 
found chiefly enmeshed the agar fibrin. 

Reaction the investigations have shown that 
the concentration hydrogen ions the medium important 
limiting factor the growth and viability microorgan- 
isms. Consequently series experiments was made determine 
the effect the growth the spirochetes. Media made 
ascitic fluid, horse and rabbit serum respectively were adjusted 
various reactions, inoculated with the same amounts infected 
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rat blood, covered with oil, and incubated. After days the 
cultures were examined under the dark-field microscope and the 
reaction the media was again tested. The following protocol 
typical. 


Horse and rabbit sera, which 0.1 per cent agar had been added, were adjusted 
different reactions the addition NaOH HCl. cc. medium 
were put into tube. All the tubes were inoculated with the same amount 
infected rat blood and incubated 30°C. for days. The data are presented 
Table 


TABLE 
Effect the Reaction Growth. 


Rabbit serum. Horse serum. 
7.9 8.2+ 7.9 8.2+ 
Spirochetes dead. Spirochetes dead. 
7.6 8.1 7.6 8.1 
erated. erated. 
6.4 6.6 
None found. 


These tests established two important facts: (1) that the reaction 
the medium has decided influence the growth the spirochete; 
and (2) that during the incubation, the reaction the culture fluids 
changes progressively toward alkalinity irrespective the initial 
reaction. 

media having reaction below 7.0 above 8.0 there 
was apparently growth, while the maximum rate 
plication occurred between 7.2 and Even actively 
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growing culture rapid degeneration set soon the reaction 
approached the limiting pH. This has been verified repeated 
tests the reaction cultures which had suddenly died. 

The progressive increase the alkalinity the media (Table 
factor considerable importance the cultivation these 
organisms. ‘This change occurred irrespective the initial reaction 
the medium the growth the spirochetes, and was charac- 
teristic all media made largely animal was found 
that ascitic fluid, horse, sheep, and rabbit sera become progressively 
more alkaline after withdrawal from the body and exposure the 
air. Felton, Hussey, and observed that spinal fluid 
changed from 7.7 7.8 8.6 within few hours. 
fluid also prone marked rapid change, while animal sera change 
more slowly. The following experiment illustrative. 


Horse and rabbit sera were diluted with saline solution the proportion 
1:3, the reactions were adjusted, and the fluid was distributed cc. amounts 
into series tubes. Tubes ascitic fluid were also made. Another similar 
set tubes was set with serum and ascitic fluid which had been heated for 
minutes water bath 100°C. The results, after incubation for days, are 
given Table II. 


TABLE II. 


Reaction Changes Animal Fluids Room Temperature. 
Incubation time days. 


Unheated. Heated. 


Initial Fina Initial Final 
pH. pH. pH. pH. 


7.8 7.0 7.8 


The instability the reaction most likely due progressive 
loss This indicated the facts that the change always 
toward alkalinity, that agitation hastens the change, and, finally, 
that heating destroy enzymes does not prevent even retard the 


D., Hussey, G., and Bayne-Jones, S., Arch. Int. Med., 1917, xix, 
1085. 
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reversion. The loss would readily account for the increase 
alkalinity. The relationship concentration the blood 
and blood reaction has been fully discussed 

Stabilization the Media.—It was evident that the next step was 
find some means stabilizing the culture fluids. Several methods 
suggested themselves, each which was tested turn. 

The first procedure was acidify the medium, agitate vigor- 
ously, and then adjust the desired reaction. This led the 
precipitation the serum proteins which were not completely re- 
dissolved. The turbid fluid was not satisfactory for culture purposes. 

then determined the extent which kidnéy tissue, used 
Noguchi, tends regulate the reaction. well known that 
kidney tissue autolyzes with the liberation acid, but the degree 
and rate autolysis and diffusion the acid were unknown. 
was found that the kidney tissue gradually neutralizes the alkalinity 
the medium but that diffusion slow and the effect not uniform 
account the number variables that enter. result the 
slow diffusion the acid, the portion the medium above the kid- 
ney may decidedly acid, the upper portion still alkaline, while 
between zone graded reactions. The rate and degree 
acidification depend roughly the relation the size the kidney 
tissue the amount fluid used, well the character and 
initial reaction the fluid. With piece kidney appropriate 
size and suitable amount animal fluid given reaction, the 
final reaction the medium may brought about the desired 
level. For example, fragment kidney tissue, the size pea, 
added cc. ascitic fluid reaction 8.4 brought the reac- 
tion down 7.2 days; larger piece kidney with the 
same amount this ascitic fluid made the medium decidedly acid. 
But one could not predict any given case what the final reaction 
would be. Noguchi’s results with this method were presumably 
due proper proportion between ascitic fluid, reaction, and 
kidney tissue, and the fact that made transplants before the 
reaction the media had changed beyond the limits growth. 

Mineral oil originally used Noguchi was also found 
retard the change reaction. The higher the column oil the 


Henderson, J., Biol. Chent., 1909-10, vii, 29. 
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less rapid the change. However, shown Table IV, the oil itself 
not sufficient prevent rapid alkalization the medium 
point inhibitive the growth the spirochete. 

Since the increase alkalinity presumably due diffusion 
seemed likely that simple solution the problem would 
growing the organism atmosphere containing appro- 
priate amount The stabilizing effect illustrated 
the following experiment. 


TABLE 
Effect the Reaction. 
Changes Media; Initial Reaction 7.3. 


Incubation time days. All tubes kept air-tight jar under the same con- 
ditions. 


Dextrose 
vol. vol. 
coli. 
7.3 


Control without coli 


Test-tubes containing various kinds culture fluids were placed glass-topped 
Into some the jars were put dextrose broth cultures coli, while 
others different volumes per cent gas were added. results are shown 
Table III. 

Similar experiments test the ability cultures grow under condi- 
tions gave satisfactory results. simple procedure was adjust the reaction 
the ascitic fluid 7.2, inoculate with infected blood, cover with about 1.0 
cm. oil, and put jars together with two flasks dextrose broth inoculated 


Bees 
ase 7 . 3 7 . 3 7 . 3 
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with coli. Good growth was obtained days. The only objection 
this method that requires resetting jars every time culture examined. 


Finally, the reaction the medium was stabilized the addi- 
tion buffer substances. Peptone, egg albumin, and phosphates 
were used. All had the desired effect, greater lesser extent 
(Table IV), but phosphates amounts greater than 0.2 per cent were 
somewhat toxic the spirochete, while egg albumin was too weak 
buffer. Peptone apparently met all the requirements. 


TABLE IV. 
Effect Buffer and Various Amounts Oil the Reaction. 


Effect buffer. 


Effect oil. 
Initial 7.2; time days. 7.4; time days. 
Media. Final pH. Media. Final pH. 


per cent pep- 


Ascitic fluid per cent egg 


Limiting Hydrogen Ion Concentration. 


the early experiments was indicated that the reaction limits 
for the growth were 7.0 and 8.0 with 
optimum 7.2 account the shifting reaction 
during incubation, was not possible determine these limits 
accurately. Repeated tests with buffered media have given practi- 
cally the same results. growth was obtained media having 
value 6.8 the one hand, 8.4 the other. Growth 
takes place the zone between 7.0 and 8.2, but always most 
active 7.3. 


Ascitic fluid 0.1 per cent phos- 
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The following typical experiment. 


Ascitic fluid containing per cent peptone broth was divided into various 
lots, each adjusted different pH, and the media were distributed into tubes. 
Each tube was inoculated with the same amount infected blood. After incu- 
bating days 30°C. the observations Table were made. 


TABLE 
Limiting Reactions Growth Spirocheta obermeieri. 
Medium: Ascitic fluid per cent peptone broth. Incubation time days. 


Initial Final pH. Results. 


6.8 6.9 


occasional live organism; many dead. 


7.0 


7.4 


7.6 


7.8 


Fewer active; some degenerated. 


8.0 


About the same 7.8. 


Many degenerated; occasional active spirochete. 


Oxygen Requirements. 


Some uncertainty exists regarding the oxygen requirements 
these spirochetes. Noguchi’ recognizes their essential need 
oxygen and calls them aerotropic anaerobes. 
the other hand, considers them strict anaerobes. The idea that 


Noguchi, H., The Harvey Lectures, 1915-16, xi, 236. 
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layer paraffin oil serves oxygen barrier entirely wrong. 
Our early observations indicated that they were strictly aerobic, and 
the following experiments show this the case. 


Oxygen Spirocheta were prepared and 
placed series Noguchi jars. These jars were then exhausted and refilled 
with definite proportions and gas, measured means vacuum gauge, 
give varying oxygen tensions. The jars were left room temperature (27 
—30°C.) for days, after which the cultures were examined. 

typical protocol follows. 


Oxygen, 
vol. per 40 20 18 14 9 5 
cent 
viving growth. fields; viving; viving; 
organ- many marked marked 
isms; field; degener- degener- degener- 
degener- few de-| ated. ation. ation. 
ation. gener- 
ated. 


The best growth was obtained under normal oxygen tension. decrease 
0.9 per cent atmospheric tension retards growth, while greater decrease 
increase the amount oxygen apparently prevents growth entirely. 

(b) Oil Layer.—Since layer oil had been found value stabilizing the 
reaction the medium, was important determine the maximum column that 

used without preventing adequate aeration. was found, contrary 
Ungermann’s assumption, that oil does not exclude air, but apparently retards 
the diffusion gases. series cultures made with increasing columns 
oil, most abundant growth was obtained those tubes having layer 0.8 1.5 
cm. high. Presumably column oil greater than that sufficient prevent 
the normal ingress air. 

(c) Column Media.—The height the column medium was found 
comparatively little importance. This was expected since growth always 
most abundant the upper, well aerated portion the column. However, 
was found that, other conditions being the same, growth was better when the col- 
umn the medium did not exceed cm. height. 


Method Cultivation. 


The method finally adopted for the cultivation Spirocheta 
follows: 
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The basic media consist horse serum rabbit serum diluted 
with one two parts saline solution, ascitic fluid undiluted. 
the fluid used 1.0 per cent peptone broth added (1.0 cc. 
per cent peptone broth cc. fluid), and the reaction ad- 
justed The media are distributed cc. amounts 
into tubes approximately 1.0 cm. diameter. The tubes are then 
inoculated with drop infected blood, or, subcultures are being 
made, with 0.1 cc. culture, and covered with layer oil about 
1.5 cm. high. initial cultures the rat blood furnishes the fibrin; 
subcultures the fibrin supplied drop fresh rabbit blood 
added prior the addition the oil. rotating the tube gently 
obtain uniform distribution the blood, delicate fibrin basket 
forms which remains suspended from the oil. place fibrin 
0.05 per cent agar may used. tubes are then incubated 
temperature After the culture has been well 
started, growth proceeds satisfactorily room temperature. 


Viability Spirocheta obermeieri. 


With the procedure described above, was possible (1) culti- 
vate these spirochetes consistently from mouse rat blood; (2) 
maintain the cultures for periods weeks; and (3) carry 
them successive subcultures. undiluted serum the initial 
growth more rapid, but degeneration sets relatively early (about 
weeks). diluted serum ascitic fluid, growth slower, 
but extends over much longer period weeks). Successful 
subcultures have been obtained from cultures 17, 24, 30, 31, and 
days respectively after inoculation. general routine, the 
first transplants were made after days incubation, while 
later cultures the interval was days. detailed history 
some the cultures given Table VI. 


SUMMARY. 


study the growth requirements Spirocheta obermeieri 
resulted the perfection method which enabled (1) culti- 


spirochetes grow well 37°C., but degeneration changes tend set 
early. 
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vate the organisms consistently from the blood infected mice and 
rats, (2) maintain the viability cultures for periods least 
weeks, and (3) carry them successive subcultures 
transplanting intervals weeks. This method essentially 
the same the Noguchi technique for the cultivation the Lepto- 
spira group, but emphasizes control the physicochemical factors 
that act limit and prevent growth and prescribes the conditions 
necessary counteract the injurious influences. The main facts 
may briefly summarized follows: 

Ascitic fluid, horse rabbit serum may used culture 
fluids. 

These fluids become progressively more alkaline exposure 
air. 

(c) Uniformly successful results depend chiefly the proper 
adjustment and stabilization the reaction. 

(d) balanced reaction can secured adding 1.0 per cent 
peptone broth egg albumin buffer, and covering the culture 
with layer oil. 

(e) The reaction limits for growth and survival are between 
6.8 and 8.2, with the optimum 7.2 7.4. 

permit adequate aeration, the oil layer should not exceed 1.5 cm. 
height. 
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THE IMPORTANCE DEXTROSE THE MEDIUM 
TISSUE CULTURES. 


MARGARET REED LEWIS. 


(From the Department Embryology Carnegie Institution Washington, Johns 
Hopkins Medical School, Baltimore.) 


(Received for publication, October 11, 1921.) 


Since the metabolism sugar plays such important part sus- 
taining animal life, seemed moment ascertain what influence 
this substance might have upon cells tissue cultures which, although 
living necessarily under more less anomalous conditions, neverthe- 
less furnish the most satisfactory method known present for the 
study the behavor cells when exposed directly any given 
substance. 


Material and Method. 


For this investigation over 500 cultures the connective tissue 
chick embryos days incubation) were prepared media from 
which dextrose had been omitted which contained from 0.25 
per cent this substance. Various kinds media were used: 
white egg, amniotic allantoic fluid from chick embryos after 
days incubation, Locke’s solution containing per 
cent bouillon,! Locke’s solution with from 0.1 per cent peptone, 
Locke’s solution containing gelatin, Locke’s solution with white 
egg, and Locke’s solution alone. 

The cultures were neither bathed nor retransplanted, 
object was note the produced given medium without 
renewing it. 

facilitate the recognition any abnormal structures that might 
arise the cells result other factors the medium, was 
necessary determine the structure the normal connective tissue 


185 cc. NaCl 0.9 per cent plus 0.042 per cent plus 0.025 per cent 
plus NaHCO; 0.02 per cent plus cc. chicken bouillon plus dextrose 0.5 per 
cent known Locke-Lewis solution. 
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cell. For this, sections chick embryos and films fresh embryonic 
tissue were used. 

Normal connective tissue cell the young chick em- 
bryo was found large, irregular, and often spindle-shaped, with 
large round oval nucleus. some cells the nucleus was bent, 
others was double. The cytoplasm was homogeneous except 
for numerous rod- and filament-shaped mitochondria, occasional 
fat droplet, and some instances few minute neutral red bodies. 
The position the centrosome was frequently indicated clear 
region near the nucleus. The processes were elongated and usually 
adherent those neighboring cells the cover-glass. 
cells had the same characteristics the sections and the films, pro- 
vided the films had been prepared Locke-Lewis solution contain- 
ing dextrose and were not kept under observation for more than 
few minutes. These cells corresponded substantially those de- 
scribed from sections the embryo Duesberg (1910), and 
tissue cultures Lewis and Lewis (1915), Levi (1916), and 
Lewis (1919). They did not contain either vacuoles specific 
granules. 

Abnormal these cells were placed certain media, 
other structures made their appearance, some within few minutes, 
others not for many days. These abnormalities were for the most 
part two kinds: clear, slightly refractive vacuole and more 
less opaque, rather large granule. addition these, there were 
sometimes giant centrospheres, blebs, liquefaction the homogeneous 
cytoplasm, and accumulation fat the cells. 

The vacuoles were encountered much more frequently than were 
the granules. Although never seen well fixed sections embryonic 
tissue, they did form the cells film preparations, especially 
normal salt solution Locke’s solution lacking dextrose. Prigosen 
(1921), who made study the connective tissue cells the chick 
embryo film preparations, not only describes the accumulation 
vacuoles these cells but points out that certain granules described 
other investigators (Albrecht, 1903; Renaut, 1907) are probably 
also abnormal, view the fact that these observers employed the 
film method. cultures, however, vacuoles seldom appear before 
the 2nd 3rd day. certain media their appearance was delayed 


a 
ig 
35 
4 


MARGARET REED LEWIS 319 


indefinitely, while others the vacuoles accumulated the cells 
until the latter took frothy moth-eaten appearance described 
Maximow (1916) and Lewis (1919). difficult deter- 
mine the nature the vacuoles they occur under many condi- 
tions; starvation, degeneration, phagocytosis, lack oxygen, 
influence bacteria, and lack dextrose. They formed cells 
what would seem most nutritive medium, such plasma 
clot, and were lacking medium composed only salts 
and dextrose. They certainly seem indicate the action some 
deleterious influence, since, almost every instance, the accumula- 
tion vacuoles was followed shortly the death the cell. 

The granules were present much less frequently than were the 
vacuoles. They never formed cells film preparations, but were 
often observed cells plasma cultures and were especially abundant 
those grown white egg, was shown previous communi- 
cation (1921). They seemed material stored the cell 
attributable the protein nature the environment since they were 
observed only media containing this substance. 

Vacuoles may occur cells which contain granules and, previously 
shown, are especially prone cells egg albumin. The 
granules and vacuoles found plasma cultures have occasionally 
been mistaken for different phases the same body (Maximow, 1916; 
Shipley, 1919), but this undoubtedly not always the case, for, 
has been shown regard cells egg albumin (1921), the vacuoles 
may form regions removed from that occupied the granules 
and also, will appear from these investigations, the formation 
vacuoles may prevented the addition dextrose the medium. 


Effects Lack Dextrose upon the Cells Tissue Cultures. 


The effect the lack dextrose upon the cells tissue cultures 
was definite and pronounced, and inevitably resulted the production 
vacuoles. 212 cultures were prepared various media lacking 
dextrose, and every instance vacuoles were formed, after which 
the cells rapidly degenerated. the other hand, media such 
white egg, amniotic fluid, and allantoic fluid, otherwise unsatis- 
factory for cultures, became favorable for the growths when small 
amount dextrose was added. 
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The lack dextrose was especially detrimental cultures grown 
Locke’s solution Locke’s solution which per cent 
chicken bouillon had been added. these solutions without dex- 
trose the cells became full vacuoles and died within few days, 
while the same solutions containing dextrose they survived many 
days, depending upon the amount this substance the medium. 
Surprising say, cells solutions rich protein but lacking 
dextrose died much sooner than those simple salt solution con- 
taining dextrose. 


Effecis Dextrose upon the Celis Tissue Cultures. 


Only cultures Locke’s solution containing per cent chicken 
bouillon were used these experiments, partly because the cells 
remain more normal this solution and partly because the diffi- 
culty attempting add definite percentages dextrose some 
the other media. 

When only 0.25 per cent dextrose had been the medium 
the cells grew luxuriantly but the formation vacuoles was delayed 
for only few days. The cultures were quite variable. some the 
vacuoles developed after days, while others remained normal 
for days. the cultures (over 100) this solution, how- 
ever, did eventually exhibit vacuoles. These cultures seldom lived 
more than days. While, stated above, attempt was made 
add dextrose the plasma medium, nevertheless seems apt 
mention this connection that the vacuoles that appear plasma 
cultures probably are attributable the small amount dextrose 
(supposedly about 0.25 per cent) which the plasma contains. Cul- 
tures that are frequently retransplanted into fresh plasma have 
much larger amount dextrose available and therefore remain normal 
for longer periods time. 

Cultures media which 0.5, 0.75, and per cent dextrose had 
been added differed little appearance. The growth all these 
media was extensive, full cell division, and survived from 
weeks without forming vacuoles. some these preparations, 
after weeks healthy growth, the cells one after another rounded 
and sank the bottom the hanging drop until, within the 
course weeks month, all the cells had degenerated. 


MARGARET REED LEWIS 321 


cultures died without forming vacuoles, the last cell being normal 
structure those the initial growth. other preparations, 
after interval healthy growth, all the cells rapidly formed 
vacuoles and all degenerated within the following day two. 

When larger quantities per cent) dextrose were added 
the solution, the growth sometimes was not extensive, and most 
instances did not survive long that the normal solution 
one containing per cent dextrose, but these cells never contained 
vacuoles. The results obtained when such large quantities dex- 
trose were added were influenced the change hydrogen ion con- 
centration these Cultures normal Locke-Lewis solu- 
tion, which has initial hydrogen ion concentration 6.8 
had usually, upon degeneration, become 7.2 7.4. Those 
media without dextrose had about the same final hydrogen ion con- 
centration. the other hand, the cultures media containing 
much per cent dextrose were distinctly acid (pH 5.6 when 
tested degeneration, regardless the initial hydrogen ion concen- 
tration the medium. The rapidity with which death the cul- 
tures took place seemed depend upon the change hydrogen ion 
concentration. The appearance these cells after death was usually 
quite different from that cells media containing less dextrose. 
They did not round sink the bottom the drop, but remained 
spread out the cover-slip, keeping their outlines though coagu- 
lated into skeleton forms. 

While the condition which arises tissue cultures when the amount 
dextrose the medium varied somewhat analogous that 
diabetes, means due the same cause. The acid which 
found cultures probably due the breaking down dextrose, 
while the acidosis exhibited the diabetic presumably due the 
partial combustion fats resulting the formation fatty acids. 


The details these results are given another publication with Felton, who 
investigated the hydrogen ion concentration tissue cultures this labora- 
tory, and for this reason will not repeated here (Lewis, R., and Felton, 
D., The hydrogen-ion concentration cultures connective tissue from 
chick embryos, Science, 1921, liv, 636). 
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not advisable enter into discussion these findings the 
present time, owing the lack experimental evidence the 
exact nature the vacuoles. Regardless the nature these bodies 
what factors produce them, they are structures abnormal the 
connective tissue cells. The lack dextrose the medium tissue 
cultures leads some condition distinctly detrimental the cells, 
resulting their vacuolation and death, even when the medium con- 
tains abundant protein material. The addition small amounts 
(0.5 per cent) dextrose the medium delays the formation 
vacuoles and prolongs the life the culture. The addition large 
amounts per cent) prevents vacuolation the cells, but 
much dextrose usually leads change the hydrogen ion concen- 
tration the culture resulting acid condition which arises 
coincidentally with the degeneration the cells. 
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CONSTRUCTION OXYGEN CHAMBER FOR THE 
TREATMENT PNEUMONIA. 


(From the Hospital The Rockefeller for Medical Research.) 


PLATE 


(Received for publication, October 10, 1921.) 


the construction chamber ward for the treatment 
pneumonia patients, which filled with atmosphere with 
higher oxygen content than ordinary air, there are several require- 
ments which must fulfilled. The chamber must large enough 
accommodate attendants well the patient, that adequate 
nursing care may given acutely ill patients; must easily 
and quickly filled with oxygen the desired concentration; this 
concentration must maintained with facility and minimum use 
oxygen; the temperature the room must kept within com- 
fortable limits, and the humidity, which may increase rapidly through 
the exhalation moisture from the lungs the patient and at- 
tendants must kept low; the carbon dioxide excreted must 
removed formed. Moreover, the chamber must easy in- 
gress and egress, especially when acutely ill patients are treated, 
and above all must reasonably economical the cost opera- 
tion. All these objects have been attained the oxygen chamber 
described below. ready for the routine treatment patients 
after few minutes preparation and may run for days with 
minimum attention. 

The oxygen chamber (Text-fig. and Fig. has been built one 
the wards the hospital. measures feet, length, width, 
and height respectively, and has total capacity 640 cubic feet, 
cubic meters. The filling, maintenance, cooling, and analyzing 
devices have all been placed adjoining small room for conven- 
ience and sightliness. The entire apparatus includes the following: 
the oxygen chamber proper, doors for entrance, entrance lock, food 
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lock, ventilating system consisting fan, refrigerator, and carbon 
dioxide scrubber; the filling and maintenance apparatus consisting 
oxygen tanks; solenoid valve for the automatic regulation the 
oxygen; automatic oxygen analyzer and oxygen maintenance 
device; carbon dioxide analyzer. 

The chamber proper built upon the tile floor the main ward. 
Special precautions must taken insure gas tightness 
minimize oxygen loss. The foundation consists heavy inch 
base-board which set upon flat rubber gasket. Both rubber 
gasket and base-board are imbedded mixture white lead and 
varnish, which makes gas-tight joint with the floor. The lower 
part the chamber consists wooden panels, while the upper part 
consists wooden sash work into which are set plate glass windows. 
The roof likewise composed panels. All seams have been cov- 
ered over, both inside and outside the chamber, broad wooden. 
strips set heavy layer the white lead and varnish mixture. 
addition, all corners have been filled with quarter round molding: 
similarly imbedded. roof has been coated with heavy 
and all grooves and crevices, both inside and out, have been carefully 
filled with white lead. Over all, four five coats paint with 
finishing coat enamel have been applied. The chamber proper 
practically gas-tight. 

The doors the chamber have offered the greatest problem with 
respect the gas tightness. Reference Text-fig. will show the 
type construction used. double ofiset the door fits closely 
similar offsets the jamb. ‘Two gaskets soft rubber tubing are 
placed shown. When the door closed, two large refrigerator 
levers are forced down the inclined plane the hooks; firm and 
even pressure thus obtained, bringing both rubber gaskets close 
contact with the door, making practically gas-tight joint. The 
large door used for the passage the patient and the bed into the 
chamber. then closed for the duration the treatment. In- 
gress and egress attendants made through smaller door which 
protected entrance lock. ‘The entrance lock, which measures 
feet, with total capacity 120 cubic feet, also has 
door the same construction, and serves minimize the escape 
the rich oxygen mixture from the chamber proper into the ward when 
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the doors are opened. The lock, course, has the same construc- 
tion the chamber. 

‘The ventilating system necessary the temperature and humid- 
ity are kept comfortable levels, and moreover, gives 
movement the air the chamber which makes the atmosphere 
more comfortable. means inch duct leading from the 
roof, the air the chamber drawn out ventilating fan. 
From the fan the air conducted downward through com- 
partment scrubber which was originally intended filled with 
material for the removal carbon dioxide. The air then passes 


Z 


Construction door showing offsets and rubber gaskets. 


through large refrigerator which contains feet inch piping 
which there active circulation cold brine. Here the air 
cooled and the excess moisture precipitated. The air then 
passes through inch duct back into the chamber where, mini- 
mize drafts, deflected downward toward the floor. 

Food Lock.—A small food lock, measuring inches, 
with double door fitted with rubber gaskets attached the side 
the chamber necessary for the passage and out the chamber 
food and other small articles, thus obviating the necessity 
frequent openings the large entrance lock. 

Communication into the chamber obtained telephone. 


YOU 
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the oxygen contained large steel cyl- 
inders under 1,800 pounds pressure. Two tanks are coupled 
manifold short piece iron piping, and means reducing 
valve the pressure carried down 100 pounds pressure. 
When the chamber filled the oxygen turned rapidly 
possible through the reducing valve, and passes directly into the 
chamber means charging pipe inch diameter, the fan 
being run during the 

When the charging the chamber completed the maintenance 
the desired percentage accomplished automatically. Further 
admission oxygen through the maintenance pipe which 
solenoid valve controlled automatically the oxygen analyzer and 
automatic regulator. 


Automatic Oxygen 


This consists twoparts, the analyzerand the electrical controlling 
device. The operation the analyzer can best understood 
reference Text-fig. and Fig. and description one complete 
cycle operation. The analyzer consists gas sampling absorbing 


has been found that the filling the chamber closely follows curve derived 
follows: vessel whose volume filled with air, has slowly added 
pure oxygen. Diffusion assumed occur instantaneously. Excess the 
resulting mixture escapes minute pin-hole leaks, each constituent propor- 
tion its percentage the time. the amount gas (oxygen) added, and 
the proportion oxygen any time, then oxygen added, there escape 
ydx parts oxygen and there remain 


dy, the increase proportion oxygen. 

Integrating 
proportion desired 

y = 0.2 (initial proportion) 
0.8 
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Manometer 


Suction tube 


erflow 


pressure 


chain 


= 


Seated vaive’ 


Copper box tube 


Schematic drawing automatic oxygen analyzer. 
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bulb, equilibrator, gasometer, meshed wheels, pen arm, and strip chart. 
The electrical controlling device comprises clock fitted with contact 
points and wired make two contacts every minutes, relays, 
resistance lamps, and electrical connections the house current and 
analyzer. water vacuum pump attached the suction tube. 
this means sample air from the chamber drawn through 
the inlet tube and the sampling bulb. constant stream water 
runs into the pressure tube. water level slowly rises; when 
reaches the height the inlet and suction tubes, the suction 
shut off the water seal thus formed (the suction now operates 
through by-pass, not shown, thus preventing the water and gas 
sample from being sucked out the apparatus). sample gas 
thus trapped the sampling bulb. The manometer the manom- 
eter tube instantly adjusts the pressure the gas sample atmos- 
pheric pressure soon the suction shut off the water seal 
formed. ‘The water the water pressure tube and apparatus con- 
tinues rise, and the sample gas the sampling bulb pushed 
over into the absorber. The absorber filled with fine copper wire 
gauze and solution ammonium acetate, ammonium hydroxide, 
and The gas, passes into the absorber, displaces 
equal amount the solution which passes through the connecting 
tube into the corresponding volume air the 
equilibrator forced into the gasometer which, being counter- 
balanced, rises and rotates the two meshed wheels, the second wheel 
carrying stop-pin which, when the analysis complete, limits the 


fall the pen arm. The pen, fastened ratchet wheel, in- 


dependent the other two wheels and held pawl acting 
the fine milled ratchet. When the entire sample has been pushed out 
the sampling bulb, the water does not rise any higher, but over- 
flows into overflow pipe the water pressure tube. The gas the 
absorbing bulb allowed remain contact with the copper for 
minutes, during which time all the oxygen absorbed; and, 
result this absorption, certain amount the solution siphons 
back into the absorber from the equilibrator. The gasometer sinks 


Ammonium 1,000 gm. 
Ammonium hydroxide (conc.)........ 600 cc. 
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correspondingly. When this absorption complete, the clock makes 
the first contact and the small magnet below the gasometer pulls 
the string which lifts the pawl from the ratchet wheel. The pen then 
drops until stopped the pin the small wheel, and its posi- 
tion then corresponds the amount oxygen present the sample. 
falls the pen writes line the moving strip chart, the lower 
point which indicates upon the scale the percentage oxygen 
present sample. second contact then made the clock 
closing the circuit the solenoid valve above the water pressure 
tube, and this solenoid magnet pulls seated valve the copper 
box, allowing the water the apparatus run out. The fluid 
the equilibrator then siphons back into the absorber and the gasom- 
eter sinks its original level, rotating the two wheels and bringing 
the pen its original position. The valve the copper box then 
drops when the contact broken the clock, new sample gas 
being meanwhile taken the suction, the water again rises the 
apparatus, and the operation repeated. 

addition analyzing and recording the oxygen percentage the 
apparatus also controls the solenoid valve the maintenance pipe 
the oxygen chamber above described. The pen carries small 
fine platinum chain which, through the pen and its support, forms 
one leg circuit, the other leg being connected with the mercury 
cup. The mercury cup set any desired position corresponding 
the proportion oxygen desired. When analysis completed 
and the pen drops record it, less than the desired percentage 
the end the platinum chain will dip into the mercury, thus 
closing the circuit the solenoid maintenance valve (Text-fig. 
which opens, allowing oxygen pass into the chamber. The contacts 
are arranged that this valve kept open for about minutes, during 
which time from 100 liters oxygen may admitted the 
chamber. this way 300 liters oxygen may admitted into 
the chamber every hour, which greater than the usual loss. 
however, upon completion analysis the percentage indicated 
greater than that for which the mercury cup set, the platinum 
chain will not touch the mercury and the oxygen valve remains 
closed. The circuit the clock and automatic oxygen control 
carries only currents few volts supplied battery lamps 
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from the house current. These contacts control the relays which 
make and break the 110 volt circuit the solenoid magnets which 
have lamp resistances parallel. this way heavy current 
avoided light parts and arcing the contacts prevented. 
With this arrangement has been found practice that after the 
chamber has been charged and the automatic analyzer and regulator 
started, the oxygen chamber will maintain itself any desired 
oxygen percentage from per cent, with practically atten- 


tion except renew the copper and solution the analyzer twice 
day. 


The Removal Carbon Dioxide. 


This offers serious problem from the point view efficiency 
and economy. was originally planned place the ventilating 
system, shown, container with soda-lime remove the carbon 
dioxide was formed. was found, however, difficult get 
soda-lime sufficiently large mesh offer little resistance the 
passage the air through the system. All the samples tried, 
even soda-lime screening from was found offer much 
resistance almost completely shut off ventilation. practice 
this resulted rapid elevation the temperature and humidity 
the chamber uncomfortable degree. Moreover, the best 
grades soda-lime are quite expensive. With these two difficulties 
mind, was important find substitute. scrubber was 
designed for the use the sodium hydroxide solution, but this 
proved very inefficient. The product called natron, which sodium 
hydroxide thin shells, was found efficient, easy handle, 
and economical. put out in3 inch cylindrical cartons 
paraffin cardboard, which have been designed for use respiratory 
apparatus and carbon dioxide analyzers flue gas. One these 
cartons placed the outlet small blower fan which placed 
one corner the chamber and the air the chamber blown 
through the column natron. With two people the chamber one 
carton will keep the carbon dioxide practically zero for hours. 
The cartons are changed very easily, being simply necessary 
cut out both ends the carton with sharp knife and place the fresh 
one the blower. this way the cost carbon dioxide removal 
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considerably reduced. Table illustrates how rapidly and efficiently 
one natron carton placed small Forge fan will remove 
the carbon dioxide. 
TABLE 
Removal Carbon Dioxide Carton Natron. 


Time elapsed. Carbon dioxide. 


hrs. 


per cent 


1.34 
0.05 


© 


Water Removal. 


practice the refrigerator has been found quite efficient keeping 
the temperature the chamber down about 65°F. and also keep- 
ing the humidity between and per cent. Table shows 
that even when water vapor vaporized into the chamber rate 
times the maximum for one person the humidity and temperature 
are kept within reasonable limits. 


TABLE 
Test Refrigerator for Removing Water Vapor. 


900 gm. water vaporized into chamber hour. 


Hr. Time elapsed. 


Temperature. Humidity. 


p.m. hrs. per cent 
12.30 

1.30 


Control; ventilating system not running; office fan chamber mix air. 


4.15 
4.25 
5.00 


Effect Opening Doors. 


Entrance into the chamber through the lock means, course, 
loss oxygen. When the inner door opened into the lock, part 


a 
4 
3 
= 
3 


WILLIAM STADIE 333 


the oxygen from the chamber must pass into the lock. 
equilibrium attained, that is, there rapid diffusion from the 
chamber into the lock that the percentage both the same, 
then the decrease percentage the main chamber may cal- 
culated from the formula 

which the volume the lock, the volume the chamber, 
and the percentage oxygen the chamber. actual prac- 
tice the loss less than this, due doubt the fact that when the 
doors are quickly opened and closed, equilibrium the lock and 
chamber with respect the oxygen percentage not attained. 
This shown Table 


TABLE 
Loss Oxygen from Oxygen Chamber Opening Air Lock. 


Percentage loss 


Loss oxygen. 
Oxygen chamber. 


Found. Calculated. Found. 
per cent per cent cent cubic meters cubic meters 
3.6 1.1 0.65 0.20 


Charging and Maintenance Oxygen Chamber. 


The amount oxygen required attain given percentage 
oxygen the chamber varies, course, with the percentage desired, 
and given the equation derived page 327, from which the 
values Table are calculated. The chamber was maintained 
usually per cent oxygen and 8.6 cubic meters oxygen are 
necessary give this. The amount oxygen necessary maintain 
the oxygen percentage this figure small; Table gives the rate 
loss oxygen the chamber, ducts, and refrigerator with the 
ventilating fan running. 

actual practice, however, the loss greater than this, due 
the consumption oxygen the patient and nurse, which 
about 0.025 cubic meters per hour, and the far greater loss due 
the frequent opening the air lock. 

Table Shows the amount oxygen required during actual 
treatment pneumonia patient. 


4 


OXYGEN CHAMBER FOR TREATMENT PNEUMONIA 


TABLE IV. 


Required Charge Oxygen Chamber Given Percentage. 


Oxygen 


Volume oxygen required. 


per cent cubic meters 


2.4 
5.2 
8.6 
12.6 


17.8 


TABLE 
Maintenance Test. 


Oxygen chamber charged with 4.9 cubic meters oxygen. Calculated 


oxygen 40.0 per cent. Ventilating fan running. patient chamber. 
Doors not opened. 


Time elapsed. Oxygen. Loss per hr. Loss per hr. 


hrs. per cent per cent cubic meters 


39.7 
39.6 
38.7 


35.5 


TABLE VI. 


Amount Oxygen Required for Charging and Mainiaining Oxygen Chamber 
during Treatment Pneumonia Patient. 


Duration Oxygen oxygen required 


treatment. maintained. Loss per hr. 


charge maintenance. 


cubic melers cubic meters 


4.0 


cubic meters 


Grand 


4 
334 
hrs. per cent 
18.7 6.0 0.31 
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SUMMARY. 


4 


The construction oxygen chamber given. This chamber 

quickly filled with oxygen any concentration per 
cent and maintained the desired conceritration for indefinite 
time. 

The construction ventilating system, cooling device, carbon 
dioxide remover, automatic oxygen analyzer, and filling and main- 
tenance devices given. 

The chamber designed that pneumonia patients with 
anoxemia may placed and breathe atmosphere containing 

The chamber easy ingress and egress, economical 
cost operation, and comfortably accomodates patient and attend- 
ants that adequate nursing and medical attention can given 
all times. 


EXPLANATION PLATE 


Fic. Photograph oxygen chamber use show size relative patient 
and attendants. 


Fic. Photograph automatic oxygen with electrical controlling 
device. 


. 


PLATE 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. 


Fic. 


(Stadie: Oxygen chamber for treatment pneumonia.) 


THE TREATMENT ANOXEMIA PNEUMONIA 
OXYGEN CHAMBER. 


WILLIAM STADIE, M.D. 
(From the Hospital The Rockefeller Institute for Medical Research.) 


(Received for publication, October 10, 1921.) 


Shortly after the discovery oxygen, and particularly after the 
demonstration Lavoisier oxidation process, oxygen came 
into use therapeutic agent. has been given inhalation, 
subcutaneous and intravenous injection (Stuertz, 1903 Tunnicliffe 
and Stebbing, 1916), and rectal insufflation. addition, ozone 
also has been extensively used inhalation, and hydrogen peroxide 
given intravenously cases influenzal pneumonia (Oliver and 
Murphy, 1920). Oxygen itself has been used the treatment 
great variety diseases; the literature which has grown about its 
use extensive; the opinions regarding its efficacy and the conditions 
under which should used are varied. Little would gained 
review this literature here; nevertheless, important state 
the reasons for its use disease, giving particular emphasis the 
therapeutic use oxygen the treatment pneumonia patients. 

The use oxygen therapeutic agent rational only when, 
reason disturbed metabolism oxygen supply, 
either local general, there exists condition suboxidation. This 
may either acute chronic, and presumably results harm 
virtue the fact that intracellular processes are disturbed dimin- 
ished oxidation accumulations unoxidized products cell 
activity. There are many causes suboxidation, but the one which 
interests chiefly here commonly called anoxemia. The term 
anoxemia ordinarily used means condition 
which there diminished amount oxygen the circulating blood; 
hence anoxemia more correctly defined that condition which 
the hemoglobin the blood less saturated with oxygen than nor- 
mally. must not assumed that anoxemia necessarily pre- 
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supposes condition suboxidation, for the relations between normal 
function and function under varying degrees anoxemia are not 
established. will suffice point out here why 

isually assumed that anoxemia results condition suboxidation 
and therefore deleterious the organism. 


Oxygen Tension the Blood and Tissue Tension. 


considering the passage oxygen from the arterial blood the 
tissues two factors must recognized: normal blood has available 
for tissue respiration about volumes per cent oxygen (capacity 
factor) tension (intensity factor) ranging from 100 mm. 
Hg. normal amount oxygen taken the tissues from 
the arterial blood volumes per cent, per cent the total 
capacity. The dissociation curve average human blood (Barcroft, 
1914) shows that when the arterial blood completely saturated, 
the volumes per cent will delivered the tissues tension 
greater than mm. Hg. other words, the amount oxygen 
ordinarily used available this relatively high tension. ‘The 
remaining volumes must given the tissues relatively low 
ension (less than mm. Hg.). 

however, the blood the arteries only partially, e.g. per 
cent, saturated, there are still available for the tissues volumes per 
oxygen. This more than enough for ordinary purposes. 
But this tension less than mm. Hg. person with 
anoxemia extreme distress. Although the oxygen 

ood abundant amount, available low pressures 
only; that unless assumed that the tension which the oxygen 
available for tissue metabolism much importance the 
total amount, difficult how such condition 
anoxemia can harmful. 


There but little and inconclusive evidence, however, show that 
the tension oxygen the blood contradistinction the total 
amount available important. (1912) and later Krogh 

19) have demonstrated that, contrary previous conceptions, 
the oxygen tension the tissues not zero, but between and 


would indicate that the tissues ordinarily not, 
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although does not show that they may not, function low oxygen 
tensions. Vernon (1906) has studied metabolism tissues under 
varying oxygen tensions, and his results, while far from conclusive, 

seem indicate that tissue metabolism not normal when the oxygen 
tension falls below certain minimum. (1912), the other 
hand, obtained contradictory results tissues, although his 
results muscle, the functionally simplest tissue used, showed that 
there striking decrease oxygen consumption low blood 

xygen tensions. Burrows (1917) likewise, the growth 
tissue cells, concluded that whereas high oxygen tension without 
influence, growth does not occur when the oxygen tension falls below 
that corresponding the average oxygen tension the venous blood 
mammals. 

The condition anoxemia, resulting from carbon monoxide poison- 
ing, explainable also due diminished tension the blood 
oxygen. Presumably carbon monoxide itself has poisonous action, 
and its harmful effects are due entirely the temporary destruction 
the oxygen-carrying power the blood. ‘This itself would 
difficult understand, for saturation little per cent the 
with carbon monoxide serious, and saturation per cent 
the hemoglobin always fatal. Yet, the first case there would 
still the average individual about volumes per cent oxygen 
available, and the second case there would still volumes 
oxygen available, which, Lundsgaard (1919) has shown cases 
pernicious anemia, about the lowest possible value compatible 
with life. Haldane (1912), however, has shown that blood but 
partially saturated with carbon monoxide the oxygen dissociation 
curve the available hemoglobin markedly modified. The initial 
half the curve much steeper and the second half much flatter 
than normally, that low tension oxygen the blood more 
with oxygen than normal blood, but, conversely, holds 
its oxygen more tenaciously the capillaries. Reference the 
curve will show that blood half saturated with only volumes 
per cent the available volumes oxygen will tension 
above mm.; the remaining oxygen will pat rtial pressure. 


From this Haldane concludes that anoxemia carbon monoxide 
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Although this experimental evidence far from conclusive, clinical 
experience gives suggestive support Congenital cardiac disease 
associated with chronic anoxemia, and possible that the mental 
and physical deterioration seen these cases due part least 
toanoxemia. One case under our observation had oxygen capacity 
per cent, the arterial blood being per cent saturated. 
Despite the volumes per cent available oxygen the arterial 
blood, typical signs mental deterioration were present. 
would difficult understand how anoxemia could play any 
this condition unless the tension oxygen the blood 
important. 

this connection, however, must consider the fact that under 
certain conditions the body may use all the oxygen the blood. 
other words, the oxygen, even the lowest tension, utilizable. 
When the arm exposed cold the venous blood may contain little 
oxygen (Meakins, 1921). Again, Lundsgaard (1919) showed 
that cases pernicious anemia which the oxygen capacity was 
low volumes per cent the venous blood from the arm was 
almost completely deprived oxygen, and concluded that: 
the body cells resting individuals just easily the first part.” 
the postmortem heart’s blood pneumonia cases Stadie (1919) 
found the blood little per cent saturated. 

the other hand, while certain tissues may use oxygen low 
tensions does not follow that their function normal, and may well 
that other tissues, particularly the kidney and the central nervous 
system, show disturbed function with deficient oxygen tension. 
Lutz and Schneider (1919) and Ellis (1919) showed that the respir- 
atory center quite sensitive comparatively slight changes 
oxygen tension, and recently Doi (1921) has confirmed this cats. 
Haldane (1919) experiments upon himself showed marked mental 
disturbances under oxygen tension mm. His arterial blood 
would then about per cent saturated and still had 13.8 volumes 
per cent blood oxygen available. This amount, while more than 
normally necessary, was low tension, and hence presumably not 
available for the central nervous system. Meakins and Davies (1920) 
report experiment which the subject breathing low oxygen 
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mixtures reduced the arterial saturation 81.4 per cent. Headache 
and general malaise resulted. 

striking the distress which follows anoxemia when 
the oxygen the blood abundant but low partial pressures are 
cases anemia. With little volumes oxygen per 100 
cc. blood these patients are quite comfortable rest (Lundsgaard, 
1919). The blood here completely saturated, and hence the oxygen, 
while small amount, high pressure. 

well known response anoxemia increase the oxygen 
capacity the blood. This observed pneumonia with cyanosis, 
congenital and acquired cardiac disease, well after exposure 
high altitudes. this way the amount oxygen supplied all 
tensions increased. any given percentage saturation the blood 
will give more oxygen than normal blood that this mechanism 


compensates part for the partial saturation the blood the 
arteries. 


pneumonia there frequently occurs condition anoxemia. 
While there direct evidence show that this acute anoxemia, 
often profound degree, harmful, nevertheless usually assumed 
that the presence anoxemia dangerous. series thirty- 
three pneumonia cases (Stadie, 1919) there was only one case which 
recovered which the arterial unsaturation the blood was greater 
than per cent. high degree anoxemia pneumonia, then, 
accompanied high mortality, and yet must distinctly remem- 
bered that they are not necessarily cause and effect, since the degree 
anoxemia varies directly with the severity the infection and the 
extent the consolidation. possible then that the anoxemia 
simply concomitant feature intense and extensive infections 
and plays réle the ultimate fatality. Not until the relation 
function oxygen tension further elaborated can definitely 
said that anoxemia per factor the fatal outcome. 

Since anoxemia frequent and often pronounced symptom 
pneumonia, study the effects oxygen upon this type 
anoxemia and upon the course the pneumonia was begun and 
here reported. The anoxemia due insufficient aeration the 
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blood its passage through the lungs. the mechanism this 
deficient aeration, usually assumed that the consolidation 
part the lung, the presence many small patches infiltration 
extending from the main initial focus, the plugging many small 
bronchi, and the coating the alveoli with exudate and moisture 
diminish the respiratory surface hinder the diffusion inward 
oxygen. This explanation does not stand alone, and recently Meakins 
(1920, states that: anoxemia occurring acute lobar pneu- 
monia the result the rapid and shallow breathing typical this 
condition” which purely mechanically lessens ventilation the 
alveolar spaces. both cases the administration oxygen would 
tend relieve the anoxemia greatly increasing the percentage 
oxygen the alveolar air and hence its diffusion pressure. 

critically ill cases pneumonia, then, conceivable that 
anoxemia might make serious inroads upon the resistance the 
patient and hasten the end. Certainly experience has shown that 
cases with arterial unsaturation greater than per cent 
proceed rapid and fatal termination. these cases the relief 
anoxemia might prolong life until the forces immunity could 
assert themselves. 

‘The cases here reported were treated with oxygen oxygen 
chamber described the accompanying paper (Stadie, 1922). 
this means the treatment could continued over prolonged period 
time, the percentage oxygen administered fixed any desired 
level, discomfort and inconvenience masks, funnels, and tubes 
eliminated, adequate medical and nursing attention rendered all 
moreover, accurate observations the blood and 
tion made under exactly known conditions. Eight cases are here 
reported. All had high degree anoxemia and presented grave 


prognoses. 
EXPERIMENTAL. 


cases from the pneumonia service the Hospital The 
Rockefeller Institute were treated from 1920-21. The cases treated 
were selected from all the pneumonia cases during this time. The 
mode selection was follows: All cases were carefully followed 


the degree anoxemia present time time. ‘The presence 
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and extent the anoxemia were estimated determination the 
arterial unsaturation. The extent cyanosis, particularly the 
finger-tips, also furnishes valuable guide. When case developed 
anoxemia sufficient degree, usually per cent more arterial 
unsaturation, oxygen treatment was commenced. The cases were 
followed repeated determinations the arterial unsaturation. 
When was not feasible arterial punctures, estimates the 
degree anoxemia were made from the extent the cyanosis. 
order compare cyanosis from time time the following scale was 
used: indicates very slight, slight, moderate, +++ 
marked, and intense cyanosis. Experience enables 
observer estimate closely, this way, the degree arterial un- 


saturation, controlled actual blood analysis. The case reports 
follow. 


Case 1—D. G., male, age years. Admitted Mar. 25, 1921. 

Present Mar. 21, with severe abdominal pain, nausea and vomit- 
ing, fever, headache, prostration, and chills. 

104.5°F.; pulse 160; respirations 36. 
cyanosis. The condition the lungs shown Rest physical 
examination negative. 

Mar. 28. Patient quite toxic. Has developed hiccough. Lung signs are 
diagramed Text-fig.1. addition the area consolidation the right 
side there are many fine the left side. Pulse rather poor quality. 
Cyanosis p.m. Patient much worse than this morning. Cyanosis 
+++. Arterial unsaturation per cent. There are many moist involving 
both sides. Oxygen treatment started. 

Mar. 29. Patient’s condition much improved. still delirious. Has 
continual hiccough. Cyanosis absent. Arterial unsaturation per cent. Lung 
signs about the same yesterday. cc. sterile fluid withdrawn from right 
chest. 

Mar. 30. During his stay the oxygen chamber the patient appeared much 
improved. There were extra systoles. Removed from the chamber last night, 
since which time has been becoming worse. Respirations more rapid and 
irregular; hiccough every respiration. Cyanosis has increased markedly. 
Arterial unsaturation per cent. consolidation entire right side. 
There are coarse moist throughout both lungs. 4.30 p.m. Patient dis- 
tinctly worse and the outlook very doubtful. Cyanosis extreme. Arterial 
unsaturation about per cent, estimated from degree cyanosis. Oxygen 
treatment commenced. p.m. Cyanosis has entirely cleared up. Hiccoughs 
continue and are extremely prostrating. 
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cyanosis. Arterial unsaturation 1.5 per cent. All efforts 
relieve hiccough without avail. 

Apr.1. Lung signs shown Text-fig. still continues. 
cyanosis. 

Temperature almost normal. Cyanosis still persist. 

Apr.5. Patient stopped hiccoughing quite suddenly. 
without interruption for days. For this reason was not taken out the 
oxygen chamber sooner. Convalescence uninterrupted. 

Bacteriological Examination—Type pneumococcus recovered 
sputum. Blood cultures negative. 

Discussion—When the impairment the respiratory surface had extended 
the opposite side the initial lesion, shown the presence rales, cyanosis 
became much more marked. The anoxemia disappeared under the effect 
oxygen. short period without oxygen during the course the illness resulted 
return the marked anoxemia, that the patient’s condition looked quite 
desperate. This anoxemia was again relieved oxygen. Recovery followed. 

Case 2.—E. K., male, age years. Admitted Feb. 1920. 

Present onset week ago with malaise, headache, body pains 
and cough, and blood-tinged sputum. 

Physical except for lungs. Slight dullness left 
lower back. rales. cyanosis. 

Feb. Definite signs consolidation entire right lower lobe. Many 
coarse musical the right side. Patient has definite cyanosi 

The patient definitely worse this morning. Cyanosis more 
marked. Patient delirious. Lung signs are diagramed Text-fig. Arterial 
unsaturation Patient extremely ill and prognosis grave. Oxygen 
treatment started. 

Feb. has been the oxygen chamber since yesterday 4.30 p.m. 
Cyanosis distinctly less. Arterial unsaturation has decreased per cent. 
Lung signs about the same yesterday. 

Condition much better than Feb. has disappeared. 
Mentally more alert. Signs are indicated Text-fig. Patient was 
removed from the oxygen chamber a.m. but soon relapsed into critical 
condition. Cyanosis gradually returned until p.m. there was marked ++) 
cyanosis and arterial unsaturation had increased per cent. The patient 
looks desperately ill. Oxygen treatment recommenced. 

Patient had marked jaundice. Lung signs much the same yester- 
day. Cyanosis has entirely disappeared. 

Patient’s condition much improved. lung signs have cleared 
that extensive the right and left sides have disappeared, there being signs 
consolidation the right lower lobe only. Oxygen treatment discontinued. 
cyanosis. Arterial unsaturation per cent. Convalescence uneventful. 
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Bacteriological Examination—Type pneumococcus recovered from the 
sputum. Blood cultures negative. 

first the patient had slight signs which greatly increased until 
there was consolidation the entire right lower lobe. Patient became more and 
more toxic. Cyanosis developed lung signs increased, and with the appearance 
extensive moist throughout both lungs, anoxemia became marked. Anox- 
emia was completely relieved the administration per cent oxygen. 
When the oxygen was withdrawn while the patient still showed evidence exten- 
sive impairment the lungs, his condition became much worse and the anoxemia 
advanced rapidly per cent. Readministration oxygen relieved the anoxe- 
mia completely. Recovery followed. 

Case B., male, age years. Admitted Apr. 29, 1920. Chief com- 
plaint pain chest and cough; duration days. 

Present Apr. 23, with sharp pain the chest and chill, and 
cough with blood-tinged sputum. Patient delirious for the past hours. 

quite sick. Marked cyanosis. Arterial 
unsaturation per cent. Lung signs diagramed Text-fig. Extensive 
consolidation left side. 

Apr. 30. Signs practically the same yesterday. Cyanosis and arterial 
unsaturation the same. 

Patient definitely worse this morning. Spread lung signs 
shown Text-fig. Cyanosis more marked. Arterial unsaturation 
has increased per cent. Oxygen treatment started noon. p.m. 
Cyanosis now only arterial unsaturation per cent. midnight. Patient 
now pink, striking contrast with the deep purplish cyanosis this morning. 

cyanosis. Arterial unsaturation per cent. Patient looks and 
feels much better. Temperature decreased normal. Oxygen treatment 
discontinued. Convalescence uneventful. 

Bacteriological Examination.—Type pneumococcus from the sputum. Blood 
cultures negative. 

Discussion.—Patient had extensive infection, with anoxemia lasting for long 
period time. Signs involving the entire left side with moist rales. Cyanosis 
became much more marked (+++). Treatment with oxygen caused rapid 
disappearance cyanosis and anoxemia. Condition rapidly became normal. 

Case 4.—J. male, colored, age years. Admitted Mar. 1921. Chief 
complaint cough and pain the side. 

Present day before admission the patient had severe chill, head- 
ache, and developed cough and bloody sputum. There was severe pain the 
right side. 

Physical except for lungs. Left lung normal. Right 
lung: Dullness from the fourth rib the base; bronchial breathing with fine 
moist 

White blood corpuscles 20,600; polymorphonuclears per cent. 
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Mar.7. The patient ran even course today. About cyanosis and 
per cent arterial unsaturation (Text-fig. 4). Today sicker. Cyano- 
sis has increased Arterial unsaturation has advanced per cent. 
Lungs show extensive consolidation which involves the entire right lower lobe. 

Patient extremely toxic. Respiration rapid and labored. There 
cyanosis and per cent arterial unsaturation. Patient distinctly worse 
than yesterday, respirations being high treatment started 
noon. evening the cyanosis had disappeared and arterial unsaturation 
had dropped per cent. 

Mar.9. Patient somewhat better than yesterday. There are signs indicat- 
ing extension the process the left lower base. cyanosis. Arterial 
unsaturation per cent. p.m. Patient’s temperature has receded, and 
although still appears quite ill oxygen treatment discontinued. The patient 
ran prolonged course with evidence consolidation both lower lobes. 
Although the toxemia disappeared great measure, the fever continued and the 
temperature did not reach normal until the 25th day. Convalescence then was 
uninterrupted. 

Bacteriological Type from the sputum. 
Blood culture negative. 

Discussion.—The patient had pronounced degree anoxemia for consid- 
erable period time, one time high per cent arterial unsaturation. 
Simultaneously with the spread the pneumonia the opposite side the patient 
became sicker. Under the influence oxygen the anoxemia cleared and con- 
comitantly there was fall temperature and diminution the severity the 
toxic symptoms. 

Case 5.—G. F., female, colored, age years. Admitted Feb. Chief 
complaint headache and pain left side. 

Present Nov. 1920, with severe headache and cough, and pains 
the left chest followed nausea and vomiting. Scanty sputum. 

Physical Examination—Temperature 104.5°F.; pulse 140; respirations 50. 
Lungs: Dullness the left side from the fourth rib the base. Over this area 
there bronchial breathing. Scattered over both lungs. 

Feb.17. Patient has been quite delirious during the night. Definite consol- 
idation the left lower lobe. Scattered throughout both lungs. Cyanosis 
+-+ with per cent arterial unsaturation (Text-fig. 5). 

The patient still quite sick. has increased and 
arterial unsaturation about per cent estimated. 4p.m. Oxygen treat- 
ment started. 

Oxygen treatment continued. Cyanosis has disappeared. Lungs: 
Complete consolidation over the entire left side with scattered moist rales both 
front and back. Scattered fine over right side. cyanosis during the 
day. 


ay 


WILLIAM STADIE 


Per cent 
chamber 


347 


| —J 


348 TREATMENT ANOXEMIA PNEUMONIA 


Feb. 20. Patient still extremely toxic. Lung signs yesterday with scat- 
tered fine and medium sized moist over both sides. cyanosis. 

Feb. The patient had very good night and temperature receding. 
Oxygen treatment discontinued yesterday afternoon. Patient had profuse per- 
spiration and temperature fell crisis. Convalescence uninterrupted. 

Bacteriological Examination.—Type pneumococcus was recovered from the 
patient’s blood. 

Discussion.—This was intensely toxic patient with process involving the 
entire left side. Considerable degree anoxemia. The anoxemia was relieved 
the oxygen which had other apparent effect upon the course the disease. 

Case 6.—H. S., male, age years. Admitted Mar. Chief complaint 
cough and fever; duration days. 

Present time onset the patient was feeling well. Feb. 26, 
1921. had sudden attack severe pain the left side and then developed 
severe cough productive large amounts thick, yellow sputum. 

Physical 103°F.; pulse 100; respirations 28. 
Lungs: clear. Left lung: Dullness over the upper lobe; exaggerated 
breath sounds anteriorly. Scattered medium moist over left upper lobe. 
cyanosis. 

White blood corpuscles 24,000; polymorphonuclears per cent. 

Patient toxic. Cyanosis Consolidation over left upper lobe 
with scattered moist midnight. Patient more toxic than this morn- 
ing. Cyanosis the same (+). 

Mar. 6.30 a.m. Patient had sudden attack edema the lungs; respira- 
tions rapid; pulse about 160, barely perceptible. labored. Coarse 
bubbling rales heard throughout the entire chest (Text-fig. 6). Patient deeply 
cyanotic cyanosis involving the entire hand, and face being very 
dusky; semicomatose. Condition grave. 9.30 a.m. Patient has been the 
oxygen chamber since 6.30 a.m. His condition still grave. Cyanosis 
has cleared part; arterial unsaturation per cent. There are still coarse 
rales throughout both lungs. 11.45 p.m. Patient’s progress has been down 
hill despite the administration per cent oxygen. Cyanosis 
distinctly increased. Lungs have rapidly filled until everywhere there are 
large, coarse, bubbling Pulse poor quality during the day. 11.48 p.m. 
Died. 

Bacteriological Examination.—Pneumococcus Type from the sputum. 
Blood culture negative. 

tuberculosis involving the entire left lung, with cavity 
the apex. the right apex there was small area tuberculous infiltration. 
Both lungs showed extensive edema and many small patches bronchopneumonia. 

account the extensive tuberculosis the outlook this case 
was, course, hopeless. The sudden attack edema the lungs with the 
impairment respiratory surface was accompanied great cyanosis which 
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was temporarily relieved the administration high oxygen. the face 
the increasing edema the oxygen was subsequently without avail relieving the 


cyanosis. 
Case U., female, age vears. Admitted Dec. 24, 1920. Chief com- 
plaint pain the back and cough. 


Previous History—The patient has been treated the tuberculosis clinic 
the Presbyterian Hospital for years. All during this time she has had rales 
throughout both lungs. definite consolidation. Tubercle bacilli have never 
been found the sputum. Tentative diagnosis was tuberculosis. 

Present Dec. 21, 1920, with severe backache, weakness, pros- 
tration, and cough. Temperature 103-104°F. 

Physical restless, toxic. Temperature 103.6°; pulse 
112; respirations 32. Lungs: Anteroposteriorly both sides extensive medium 
sized, moist rales. Posteriorly the fifth rib dullness and harsh breathing. 
Definite cyanosis with estimated arterial unsaturation per cent. 

Dec. 26. Patient’s condition graver. Pulse poor quality. Respirations 
elevated. Cyanosis increased until about with estimated arterial 

Dec. 27, a.m. Patient’s condition critical. She pulseless and deeply 
cyanotic Breathing gasping and difficult. Heart rate estimated 
the apex 160. Condition looked almost hopeless. Respirations rapid 
and now slow, gasping and spasmodic. Patient comatose. Lungs: All over 
both sides extensive moist rales, fine, medium, and coarse (Text-fig. 7). noon. 
Patient’s condition ‘worse this morning. Extreme cyanosis Esti- 
mated arterial unsaturation per cent. Patient pulseless. Respirations 
still gasping. 12.10 Patient put oxygen chamber with per cent 
oxygen. short time cyanosis had disappeared, respirations became more 
regular and rapid, going 36, and had lost the gasping quality. few 
hours pulse had returned radial artery and had fallen 100. Temperature 
also fell and patient was rational and presented the most remarkable contrast 
her appearance this morning. 

Dec. 28. The patient has been kept the oxygen chamber with percentage 
until last night 12, when was dropped per cent. Patient very 
from time time. Pulse continues good. Respirations have dropped 
20, extremely labored, but deep and regular. Practically cyanosis (+). 
Estimated arterial unsaturation per cent. Lung signs about the same 
those diagramed yesterday, except that rales are much less numerous. Over the 
upper portion the right lower lobe there are definite signs consolidation. 
Patient’s condition far temperature, pulse, and respirations were 
concerned was good that the oxygen treatment was discontinued. Oxygen was 
allowed leak out slowly and p.m. the doors opened. The 
patient was much worse; pulseless; breathing gasping character; lungs showed 
more extensive rales all over; cyanosis Oxygen was again started and 
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rapidly run per cent and later per cent. There was temporary 
relief the condition, cyanosis disappearing completely. 

Dec. 29. The increased oxygen undoubtedly tided her over the night. The 
improvement, however, did not last long. Patient soon became absolutely 
pulseless, extremities cold, comatose, had extreme jaundice, and died p.m. 

Bacteriological the sputum was recovered Pneumococcus 
Type IV. tubercle bacilli found. 

had old pulmonary history which suggested 
losis, although there was definite proof this. The case was remarkable 
that with the definite spread the initial consolidation extensive involvement 
the lungs was manifested many fine and coarse both sides. Patient 
became extremely anoxemic and her condition quite serious. Administration 
oxygen resulted remarkable improvement the condition which, however, 
was only temporary. autopsy. 

Case male, age years. Admitted Jan. 1921. Chief complaint 
pain the right ear, headache, pain the chest, cough, and expectoration 
bloody sputum. 

Present Jan. with great prostration, and pain the back 
and chest with severe cough. 

Physical Examination.—Friction rub right axilla; fine moist right 
side anteriorly. Small area dullness posterior axillary line from the fifth 
the seventh ribs with bronchial breathing. Left side clear. Cyanosis 

Patient quite toxic. Cyanosis signs diagramed Text- 
fig. 

Jan.9. Patient becoming sicker every hour. Cyanosis all over. Right 
ear drum incised and pus obtained. 

Definite extension the pulmonary process which now involves prac- 
tically the entire right side. Patient distinctly worse this morning. ‘There 
marked cyanosis and arterial unsaturation per cent. spite 
the almost hopeless outlook this case, considering the extensive involvement 
and type infection (Pneumococcus Type III) the patient the oxygen 
chamber. p.m. The effect the oxygen was marked. Patient’s color 
showed rapid improvement (cyanosis and toxic appearance greatly lessened. 
Blood culture Type III pneumococcus, three colonies percc. Arte- 
rial unsaturation has decreased per cent. Cyanosis 

Condition about the same. Under the influence oxygen 
bright pink. Oxygen was discontinued for short period this morning. Patient 
rapidly became much more cyanotic with arterial unsaturation 
per cent. Oxygen treatment recommenced. Patient bright pink under 
per cent oxygen. Condition fair. 

Jan.12. Patient much worse. Respirations are labored, pulse very 
feeble, and markedly cyanotic despite per cent oxygen. 
Examination the lungs shows extensive rales involving both lungs, with coarse 
bubbling all over. a.m. Died. 
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Bacteriological Examination.—From the sputum and from the blood Type III 
pneumococcus was obtained. 

Discussion.—The extensive lung involvement and the type infecting organism 
made the outlook this case hopeless from the start. The initial effect the 
oxygen was markedly improve the patient’s clinical condition well 
relieve the cyanosis and anoxemia. When the oxygen was temporarily discon- 
tinued the patient relapsed into toxic condition which was only temporarily 
relieved high percentage oxygen. 


DISCUSSION. 


The frequent occurrence anoxemia lobar pneumonia now 
definitely established. Analysis arterial blood shows that even 
early the course the disease anoxemia present many cases 
and often may become pronounced feature. the anoxemia 
becomes greater the disease progresses and invariably becomes 
marked hours before death. regular accom- 
paniment anoxemia and varies directly with it. 

The use oxygen inhalation thus definitely indicated. 
increasing the percentage oxygen the inhaled air its diffusion 
pressure increased proportionately. More oxygen will pass through 
the lungs into the blood and the anoxemia will diminished. This 
strikingly shown the cases reported. several arterial un- 
saturation per cent was quickly relieved and the blood 
became almost completely saturated. other cases the anoxemia 
was partially relieved. some instances, despite the administra- 
tion per cent oxygen the arterial unsaturation remained 
high. Cyanosis disappeared with the anoxemia and the bright pink 
color the patients was striking contrast their previous pur- 
plish hue. 

impossible state definitely whether the removal the anoxe- 
mia influenced the final outcome the disease. The number 
cases far too small. The relief anoxemia, however, appeared 
most the cases strikingly beneficial. quantitative measure 
this benefit can given. But clinical evidence and impression, 
while not quantitative and always containing personal element, 
are nevertheless valuable. All the recovered cases presented grave 
prognoses, and several were critical condition. Case was given 
two courses oxygen. During the short interval out the oxygen 
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chamber became rapidly worse and was the opinion all who 
saw him then that his chances recovery were slight. 
improvement under oxygen for the second time was striking. Case 
showed the same improvement the first administration oxygen. 
short time after removal from the oxygen chamber the patient 
was great distress. cyanosis was the arterial unsatura- 
tion per cent, the breathing difficult and labored. There was 
beginning jaundice which later became intense. There was every 
indication that the patient was dying. The change the general 
condition the patient shortly after the second administration 
oxygen was remarkable the previous case. Case gave 
convincing demonstration the distinctly beneficial action oxygen 
anoxemic pneumonia patient. The patient, obviously dying, 
was pulseless, the heart rate was 160 170, there was deep cyanosis, 
the extremities were cold, her respirations gasping, and she was 
comatose. The lungs were filled everywhere with coarse, bubbling 
rales. Yet within short time after the oxygen treatment was begun 
the condition had changed completely. Then the patient was bright 
pink, the pulse had returned the radial artery, and was strong 
(120), respirations were quieter, and she was mentally alert. The 
fact that the patient died finally makes the demonstration the 
action oxygen more convincing far the immediate relief 
grave symptoms concerned. The remaining cases likewise 
showed general the same changes the clinical picture following 
oxygen. 

These patients are, then, examples critical cases pneumonia 
which sooner later present picture severe toxemia upon which 
added marked disturbance the oxygen transfer from lungs 
tissues. They are thus struggling against infection with marked 
handicap, and our experience has shown that these anoxemic patients 
not well. the last analysis recovery will depend upon 
the specific resistances the infection which the patient can muster, 
but while oxygen can sense specific, the above cases strongly 
indicate that marked improvement follows its administration and 
presumably life was prolonged. five the eight cases recovery 
ensued. Ordinarily the recovery these cases was extremely 
doubtful. 
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There were three fatal cases. these, one (Case had, shown 
autopsy, extensive tuberculosis upon which was superimposed 
fresh pneumonia. Case had been treated the Presbyterian Hos- 
pital for years for chronic bronchitis and was suspected tubercular 
case although definite proof this was found. The third fatal 
case (No. was man type infecting organism (Type 
III pneumococcus) present the blood and lungs known 
highly virulent and the mortality cases with positive blood cul- 
ture close 100 per cent. 

the whole, the series here reported, though small, encouraging. 
The relief anoxemia oxygen appears beneficial. 

would perhaps better commence oxygen treatment soon 
anoxemia observed. Any its harmful effects could then 
prevented. 

order that oxygen treatment pneumonia should benefit 
must given over long period time. futile give oxygen 
haphazardly infrequent intervals, and methods which are 
wasteful. Moreover, the percentage oxygen which reaches the 
lungs should approximately known and controlled. The inhala- 
tion for long time 100 per cent oxygen known injurious 
(Smith, 1899), and unless oxygen given properly controlled 
methods, possible that the alveolar air may almost pure 
oxygen. oxygen chamber the method choice. The patient 
suffers added discomfort, and can receive nursing and medical 
attention the open ward. Moreover, definite percentage 
oxygen can given. Accurate observation the course the 
disease can made under known conditions. 

Other devices may used. The Haldane (1917) mask effica- 
cious and economical. Hill (1921) has devised bed tent for use 
oxygen therapy. Meltzer (1917) used his insufflation method 
pneumonia and reported striking results. With these and other de- 
vices which may easily constructed the further study the 
action oxygen therapeutic measure can made. ‘The essen- 
tial features such devices should ease and economy operation, 
adequate removal carbon dioxide, moisture, and heat, and comfort 
for the patient with little interference with the medical and 
nursing care possible. Most important all, the device must 
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enable oxygen given over long period time and the per- 
centage oxygen must easily controlled. 


Mode Production Anoxemia Pneumonia. 


study cyanosis and anoxemia relation lung signs 
large series cases has shown that the extent the cyanosis depends 
upon the amount and kind involvement. This becomes evident 
when careful daily plotting lung signs done together with obser- 
vations the anoxemia from the arterial unsaturation and cyanosis. 
few typical examples are given the lung charts accompanying 
the case reports. rule when the pneumonic process confined 
one area, the typical lobar pneumonia variety, there little 
cyanosis. The physical signs, viz. dullness, bronchial breathing, 
and few fine rales, are then confined the area involved. Kline 
and Winternitz (1915) and later Gross (1919) have shown that this 
type consolidation there little circulation blood the 
consolidated lung, and therefore little admixture non-aerated 
with aerated blood occurs. When, however, there spread the 
pneumonic process, and there occur scattered and secondary areas 
bronchopneumonia, the blood circulation these areas intact. 
Moreover, there more less widespread bronchitis with considera- 
ble peribronchial pneumonia and edema. The lung signs are changed. 
addition the original area dullness and bronchial breathing, 
there are other areas impaired resonance and harsh breathing. Also 
rales are heard over considerable part the lung, sometimes 
one side, often both. These are medium sized coarse, 
moist rales, and indicate considerable involvement the lungs with 
edema, consolidation, and pneumonic infiltration. Many the al- 
veoli are thus functionless, others are coated with exudate, bron- 
chioles are wholly partially occluded, and the efficient ventilation 
the lungs greatly hindered. Anoxemia results. 

study the lung signs the case reports shows that anoxemia 
proportional the extent respiratory surface involved. 
Case March there was complete consolidation the right 
lower lobe. There was cyanosis. March and there was 
definite spread the initial process and many fine rales were present 
the opposite side. The anoxemia was now per cent with 
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cyanosis. March the process was still more extensive, 
coarse moist rales were heard both sides, and without oxygen the 
arterial unsaturation rose per cent (estimated) with 
++++ cyanosis. The moist rales persisted for number days 
and during that time even under increased oxygen some anoxemia was 
present. 

Case more strikingly illustrates this. February there were 
signs consolidation over the right lower lobe only, with cyanosis. 
February the consolidation had extended and marked impair- 
ment the respiratory surface was indicated the presence 
numerous coarse rales both sides posteriorly. There were now 
+-+ cyanosis and per cent arterial unsaturation. February 
when oxygen was withdrawn, anoxemia reappeared (35 per cent 
arterial unsaturation). There were still many coarse rales both 
sides. February the rales had disappeared, leaving only the 
initial area frank consolidation. The cyanosis was the arterial 
unsaturation normal. 

Case April and 30, with signs consolidation over the 
entire left back, the anoxemia was considerable (cyanosis arterial 
unsaturation per cent). May the involvement was more 
extensive, with coarse rales all over the left side. The cyanosis 
and arterial unsaturation (25 per cent) were definitely in- 
creased. 

Case March there was cyanosis. The lung signs 
(not charted) were dullness and bronchial breathing over the left 
upper lobe with fine moist rales. March the signs had spread, 
involving the entire left lung. There were numerous coarse rales 
both sides. The cyanosis was 

Case with increase the extent pulmonary involvement 
indicated increase the number the anoxemia 
definitely increased. 

Case January there was slight anoxemia (cyanosis 
with small area consolidation and scattered rales over the right 
upper lobe. January the entire upper and middle lobes showed 
dullness and bronchial breathing. There were coarse rales over the 
entire right side. Anoxemia was marked (arterial unsaturation 
per cent; cyanosis 
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These protocols show definitely that spread the pneumonitis, 
indicated dullness, bronchial harsh breathing, and especially 
the presence edema indicated associated with increase 
the anoxemia. Whether the amount pneumonitis, bronchitis, 
and edema the sole factor the production anoxemia present 
difficult state. 


Haldane, Meakins, and Priestley (1919) studied rapid and shallow breathing 
normal subjects. some cases they produced periodic breathing, but only 
one experiment was cyanosis observed. this case the subject was breathing 
the rate 156 per minute, the tidal air being 159 cc. other experiments 
the respiratory rate varied from 150 per minute and the tidal air was 
161 cc. cyanosis was reported these cases even when the tidal air was 
low cc. blood analyses were done. Haldane, Meakins, and Priestley 
conclude: “that the shallow breathing causes uneven ventilation the lungs 
and this turn produces anoxemia and consequently periodic respiration and 
other and Davies (1920) repeated this work with analysis 
the arterial blood. the one experiment reported they found that change 
the tidal air from 586 315 cc. produced diminution the arterial satu- 
ration 2.6 per cent. the basis this and the previous experiments with 
Haldane and Priestley, Meakins (1920, concludes that rapid and shallow 
breathing produces anoxemia pneumonia, and reports four cases which 
the tidal air and extent cyanosis were studied. these cases found that 
with decrease the tidal air there was increase the cyanosis. proto- 
cols lung signs are given. Later (1921) states that: “the degree 
pulmonary consolidation less importance than the type interference with 
respiratory function” the production anoxemia. 


The extremely rapid and shallow type breathing studied 
Haldane, Meakins, and Priestley is, course, quite outside any 
observed range health disease. studies many cases 
pneumonia have rarely observed tidal air below 250 cc. Moreover, 
cyanosis was apparently rare occurrence even with this extreme type 
shallow breathing. the experiment Meakins and Davies 
(1920) the tidal air was cut half. This much more like the 
condition met with pneumonia. The diminution the arterial 
saturation was slight, only 2.6 per cent, about 0.5 volume per 
cent average blood. This striking contrast the 
per cent arterial unsaturation frequently observed pneumonia 
patients whose tidal air ranges between 250 and 350 cc. While 
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possible that the type breathing may responsible some 
measure for the production anoxemia, difficult with the 
evidence hand see how can the sole even the most 
important cause the great anoxemia often associated with 
pneumonia. 


SUMMARY. 


The use oxygen chamber the treatment pneumonia 
patients makes possible administer this gas for long periods 
time under exactly known conditions. The medical and nursing 
care the patient greatly facilitated. 

Prolonged inhalation oxygen varying from per cent 
appears without harm. 

Oxygen administered intensely anoxemic patients almost 
immediately clears this anoxemia. disappears with the 
anoxemia. 

The removal patients from the high oxygen while they are 
still sick and while examination shows that there are still extensive 
edema and infiltration the lung results return the intense 
anoxemia. 

sometimes impossible clear the anoxemia, even when 
high per cent oxygen given, especially when there are 
considerable edema and infiltration the lungs. 

Five cases which the prognosis was grave recovered. ‘Three 
cases, one tuberculosis, one with Pneumococcus Type III infection, 
and third with pneumonia superimposed chronic pulmonary 
condition, died. 

all cases there appeared improvement the patient’s 
condition. one case, particularly, with intense degree 
anoxemia, the patient became moribund and pulseless. Following the 
administration per cent oxygen there was lowering the 
heart rate from 160 120, the return the pulse the radial artery, 
the color became bright pink, and there was remarkable change 
the clinical condition. 

The anoxemia pneumonia due, large measure, im- 
pairment the respiratory surface the lungs. The greater the 
lung involvement the greater the anoxemia. Especially this 
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when the pneumonic process extends throughout the lungs that 
there are many patches bronchopneumonia, with accompany- 
ing bronchitis and edema, evidenced the presence rales 
throughout the lungs. 

Rapid and shallow breathing the degree observed pneumonia 
is, far present evidence shows, less importance the produc- 
tion anoxemia. 
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ORGANISM RESEMBLING BACILLUS ACTINOIDES 
ISOLATED FROM PNEUMONIC LUNGS 
WHITE RATS. 


(From the Department Animal Pathology The Rockefeller Institute for Medical 
Research, Princeton, J.) 


10. 


(Received for publication, October 20, 1921.) 


During the past few years several have isolated organisms from rats suffering 
from pneumonia. cultivated from the lungs rats during outbreak 
pneumonia granular Gram-positive bacillus. Klein? had previously encoun- 
tered similar bacillus two cases rat pneumonia. This organism named 
Bacillus muris. Bacillus muris grew well the ordinary media. produced 
acid dextrose broth dextrose serum water. Cultures injected into the pleural 
cavity rats and mice set pleuritis and pneumonia with fatal termination. 
Subcutaneous injection into rats and guinea pigs produced local abscesses. Tunni- 
succeeded cultivating delicately growing streptothrix from the lungs 
twenty rats. This organism failed grow ordinary media but good growths 
were obtained media which contained ascitic fluid. The streptothrix was 
Gram-negative. was not acid-fast. Branching was observed only young 
cultures. was described slender, straight wavy filaments which soon 
tended fragment. The culture was pathogenic for rats when injected into the 
pleural cavity. Recently Hoskins and Stout* have obtained Bacillus bronchi- 
septicus from the upper respiratory tract and lungs rats suffering with 
respiratory disease. From descriptions encountered the literature one would 
assume that several types lung disease exist the rat. 


The writer undertook the study rat pneumonia and succeeded 
obtaining from eleven cases organisms closely resembling those 
isolated Theobald from the pneumonic lungs calves. 


Mitchell, H., Infect. Dis., 1912, 17. 

Klein, E., Centr. Bakt., Abt., Orig., 1903, xxxiii, 488. 

Tunnicliff, R., Infect. Dis., 1916, xix, 767. 

P., and Stout, L., Lab. and Clin. Med., 1919-20, 307. 
T., Exp. Med., 1918, xxviii, 333. 

T., Exp. Med., 1921, xxxiii, 441. 
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has named the calf organism Bacillus actinoides, sp. (Smith, 
1918). Certain well defined morphological characters which 
described render its recognition relatively simple matter. His 
cultures when injected into the calves produced circum- 
scribed necroses the lung. Subcutaneous injections gave rise 
large indurations ending necrosis. 

must not assumed that the Bacillus actinoides-like cultures 
were obtained from every rat examined. few instances Bacillus 
bronchisepticus was isolated. Cocci various kinds were frequently 
found. Streptothrices were observed few tubes. many 
instances growth could not obtained. 

Cultivation from the lungs rats presents certain difficulties. 
Involved lobes are usually shrunken and afford very little material. 
The disease chronic one, offering excellent opportunity for invasion 
with more rapidly growing bacteria. Experimental work with or- 
ganisms isolated equally difficult. Practically all rats which have 
come under. observation after reaching maturity have spontane- 
ously developed lung disease. 

Nothing definite can said this time regarding the real re- 
lationship the organism about described certain rat pneu- 
monias. the other hand, the remarkable similarity which exists 
between Smith’s calf cultures and those have obtained from the 
white rat worthy emphasis. The pneumonic processes the 
rat disease resemble certain respects those described Theobald 
Smith calves. 


Method Cultivation. 


The rat chloroformed. ‘The skin over the thorax shaved and 
disinfected. After the musculature has been exposed seared. 
Portions the ribs and sternum are removed with sterile instruments. 
the main the culture methods described Smith have been em- 
ployed. Small pieces from the involved lobes are placed tubes 
containing the solid media. The pieces are pushed down the tube 
and over the surface the slant and lodged the liquid the bottom. 
The tube then sealed with sealing wax. Slanted coagulated horse 
serum which 0.5 cc. sterile calf serum water has been added the 
condensation fluid has the whole given the best results. Growth 
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has also been obtained slanted veal infusion agar which either 
calf serum water defibrinated horse blood has been added the 
original condensation fluid. Emphasis placed the thorough 
sealing the tubes. 


Growth Characters. 


days after inoculation with bits lung tissue, tiny scintillating 
particles may appear within the condensation fluid and calf serum 
water. colonies the slant are not visible the unaided 
eye. With lens, however, very tiny white colonies are observed. 
The tiny particles gradually become larger and finally appear 
irregular gray flocculi suspended the liquid. certain cultures 
distinct cream-like surface layer the condensation fluid has been 
observed old cultures. The surface colonies increase size and 
become round, white, smooth protrusions (Fig. 1). the agar 
media the growth more delicate. Here the condensation fluid 
becomes slightly turbid and either very delicate translucent film 
discrete colonies appear the slant. colonies are very small, 
usually under 0.5 mm. diameter. They are round, translucent, 
and raised. growth the fluid the bottom tends become 
viscid. After the organism becomes established the artificial 
media possible study its morphological characters detail. 
The coagulated serum cultures are many respects most interesting. 

hour subculture coagulated serum examined with the 
naked eye little except barely visible scintillating particles the 
condensation fluid attracts attention. Hanging drop stained pre- 
parations from the liquid show that the particles are made aggre- 
gates fairly long, slender, non-motile rods. They appear 
embedded clear (unstainable) areas (Fig. 3). Chains four 
five individuals are not infrequent. Preparations from the slant 
reveal similar organisms. the end days the particles have 
increased size and appear tiny gray flocculi. Microscopically 
they contain many interwoven filaments. few may protrude from 
the edges the mass. The organisms appear granular. About the 
borders certain clumps one may encounter few clear, pear-shaped 
bodies. Preparations from the slant reveal few rod-like elements 
and great numbers rounded refringent bodies clumps. When 
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the condensation water examined after days, the flocculi are 
larger. They now appear mulberry masses pear, slipper, 
club shape, rounded, clear globules. Scattered throughout this 
substance are small groups crystals. The structure the mass 
best shown placing drop the liquid slide, with gentle 
pressure the club-like elements can made flow. Fig. illus- 
trates the appearance well developed flocculus the condensa- 
tion water. The details the edge similar flocculus from 
older culture show the characteristic clubs and few crystals (Fig. 
4). The resemblance between these club-like masses and prepara- 
tions the ray fungus from actinomycotic lesions striking. Stained 
preparations add little value. The capsular substance does not 
stain with any the ordinary bacterial stains. rule few very 
faintly stained filaments and fragments are visible the center 
the flocculus Theobald Smith’ recent article has de- 
scribed detail the formation the capsular material. The clubs 
appear first terminations the filaments. points out that the 
original substance resembles myelin, but that fat granules make their 
appearance the culture becomes older and continue develop 
the expense the myelin-like substance. the surface the 
slant day cultures the clubs are usually much smaller. Many 
the long rods have fragmented that possible observe masses 
very short refringent forms and long filaments. Both types are 
illustrated Fig. The shorter forms stain poorly, the long fila- 
ments are more deeply colored. Branching has not been observed. 
the blood agar media much different process revealed. 
Here the rods the young cultures (48 hours) vary considerably 
length. Rods from microns are observed. ‘They are usually 
straight slightly curved and often beaded. The ends may 
tapered the bacillus may terminate distinct swelling. 
tions the body the organism are not uncommon. Many these 
forms have been photographed Fig. After days the rod 
forms have disappeared and hanging drop wet mount prepara- 
tions reveal only refringent coccoid elements (Fig. 8). has been 
stated that rods and filaments with swollen ends are noted during the 
first hours incubation. The swellings become more marked 
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during the 3rd and 4th days. The body the organism shrinks and 
finally all that remains the refringent spore-like mass. These 
masses when introduced into fresh media will reproduce the char- 
acteristic pleomorphic rods which undergo the changes described. 

Although such organisms have been observed the cultures from 
eleven cases, only with difficulty that they can maintained. 
several instances Bacillus actinoides was associated with deli- 
cately growing streptococcus. was possible carry along these 
mixed cultures serum media for several generations, ultimately 
only the streptococci survived. These mixed cultures made the 
microscopic study exceedingly difficult. was only after few 
pure cultures the rods were obtained that the nature the growth 
process became clear. Thus far has not been possible transfer 
cultures from the coagulated serum media blood agar calf serum 
water agar. Attempts transfer from the agar serum media 
have also failed. 

The organism when grown agar stains easily young cultures 
with methylene blue carbolfuchsin. Gram-negative. Pre- 
parations from the serum media are more difficult stain. 

The pathogenic properties certain strains have been tested 
few instances. White rats injected with cultures beneath the skin 
suffered ill effects. Several experiments were made which the 
culture was introduced into the trachea rats. Unfortunately the 
controls developed spontaneous pneumonia that nothing definite 
could determined. calf injected beneath the skin the neck 
with typical rat culture developed only mild local reaction. 


SUMMARY. 


organism obtained from the pneumonic lungs eleven white 
rats described. has been maintained pure culture num- 
ber instances. young cultures the organism appears long 
slender bacillus. older cultures coagulated serum media char- 
acteristic club-like capsular material formed. blood agar char- 
acteristic swellings appear one both ends the rod. These 
become more refringent, and the body the organism begins 
shrink. Finally only rounded spore-like refringent bodies are found. 
The organism Gram-negative. 
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EXPLANATION PLATE 10. 


Fic. culture, months old, from the ventral lobe Rat Experiment 
coagulated horse serum. The surface growth characteristic, few larger 
flocculi are visible suspended the condensation water. Many have sunken 
the bottom. Natural size. 

Fic. large flocculus and several smaller ones from the condensation fluid 
day serum culture. 25. 

Fic. Stained preparation from the condensation fluid hour coagu- 
lated horse serum culture, Rat 53. Note the aggregates rods the clear 
spaces. Stain dilute carbolfuchsin. 1,000. 

Fic. The edge flocculus similar that shown Fig. The prepara- 
tion from the liquid weeks old culture coagulated serum. The clubs 
several planes appear protruding pear-shaped, rounded, oval, clear bodies. 
few needle-like crystals are present. 550. 

Fic. flocculus from the condensation fluid day serum culture stained 
with methylene blue for hours. few faintly stained filaments and fine gran- 
ules are visible. The capsular substance unstained. 1,000. 

Fic. Stained preparation from the slant day culture coagulated 
serum. Note the long filamentous forms which stain well and the fragments 
which stain only faintly. One rod appears have branch leaving the main 
filament angle about microscope reveals that these organisms 
are entirely separate. The stain dilute carbolfuchsin. 1,000. 

Fic. stained preparation from the slant surface and condensation fluid 
hour blood agar culture, Rat 42. Various forms are clearly illustrated. 

1,000. 

Fic. unstained wet mount from the lower portion the slant and con- 
densation fluid day blood agar culture, Rat 42, showing the refractile 
spore-like bodies. 650. 
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THREE MONTHS OLD STRAIN EPITHELIUM. 


ALBERT FISCHER, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 
14. 


(Received for publication, October 20, 1921.) 


The purpose the experiments described this paper was 
obtain pure strain epithelium and keep permanently 
vitro, has been done with connective tissue. Epithelium taken 
from chickens, dogs, human beings, etc., has already been grown 
vitro for short period time and its characteristic growth described.! 
Ruth,? Oppel,? Holmes,‘ and have cultivated epithelium 
from cold-blooded animals. attempted several times obtain 
permanent strain epithelium from the skin chick embryos, 
but after weeks the cultures were invaded fibroblasts and 
the epithelial cells progressively disappeared. The transformation 
the cultures epithelium into cultures connective tissue was 
probably not caused dedifferentiation epithelial cells into fibro- 
blasts, has been stated Champy,’ but contamination 
the cultures fibroblasts. The fibroblastic contamination was due 
the difficulty obtaining for culture epithelium completely free 
from connective tissue cells. succeeded keeping pure 
cultures corneal epithelium which spontaneously ceased grow 
after few weeks. Although the cultivation epithelium appeared 
more difficult than that connective tissue, seemed probable 


Carrel, A., and Burrows, T., Am. Med. Assn., 1910, lv, 1379; Exp. 
Med., 1911, xiii, 416. 

Ruth, Exp. Med., 1911, xiii, 422. 

A., Anat. Anz., 1913-14, xlv, 173. 

Holmes, J., Univ. California Pub. Zool., 1913, xi, 155. 

Uhlenhuth, E., Exp. Med., 1914, xx, 614. 

Carrel, A., unpublished experiments. 

C., Bibliog. Anat., 1913, xxxiii, 184. 

Ebeling, H., unpublished experiments. 
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that epithelial cells could obtained free from connective tissue 
cells, they could kept pure culture indefinitely. The strain 
epithelium described this article was isolated from chick embryo 
eyes. Fragments tissues were taken from different parts the 
eye, tapetum layer, cornea, and lens, the hope obtaining pure 
epithelium. Only few cultures from the lens produced pure epithe- 
lium, and repeating the explantation different tissues from the 
eye, appeared that only certain kind supposed lens cultures 
produced pure outgrowth epithelium, namely, the peripheral 
portion which had little brim iris epithelium attached. The 
lens tissue itself did not grow all, but the little brim iris which 
sticks the lens when enucleated grew out apparently pure 
epithelium. After months cultivation viiro still looks pure 
when was observed the day. Now and then few 
elongated, spindle-shaped cells resemble fibroblasts, but under high 
magnification they are easily recognized epithelial cells account 
their similarity the other cells the culture, the pigment which 
the iris epithelium contains, and their characteristic way growing 
close contact with the neighboring cells. 


‘Li 
EXPERIMENTAL. 


Preparation the tissue for cultures ob- 
tained from the eye taking out the lens with cataract knife. 
most cases very thin black brim the iris adheres spontaneously 
the peripheral part the lens. The lens may cut three 
four parts and placed the ordinary plasma-tissue juice culture 
medium. lens itself does not grow, but sometimes the outgrowth 
epithelium from the iris can observed after hours, although 
frequently not until after several passages. any fibroblasts grow 
out the same culture, which will noticed readily, there little 
hope obtaining pure epithelium from it. parts the iris are 
allowed intentionally remain the lens, the growth will largely 
composed fibroblasts. The extirpation carried out only the 
lens removed, and only that part the iris which spontane- 
ously remains suitable for obtaining pure epithelial culture. 
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Nature the Medium.—The fact that the epithelial cells lique- 
fied the plasma clot much more extensively than fibroblasts suggested 
that the cells were cultivated under conditions which kind 
liquefaction has already taken place, more extensive and uniform 
growth would result. attempt was then made place the tissue 
the free surface the already coagulated plasma (one volume 
plasma and one volume embryonic juice), and cover with 
small drop embryonic tissue juice. This method cultivation 
appeared the most satisfactory. rule, the growth took 
place one delicate, continuous layer the surface the clot. 

Preparation the volumes plasma and em- 
bryonic tissue juice are mixed the cover-slip and allowed coagu- 
late. After coagulation commences, which can easily ascertained 
with the point the knife, the tissue placed the free surface 
the nascent clot. this precaution not taken, the tissue will 
float the tissue juice which afterward added, and growth will 
occur. important place the tissue the clot the proper 
moment; too early, the tissue will embedded, and too late, 
will not adhere. Fixation the desired object. After the fragment 
has been properly placed the clot, small drop embryonic juice 
spread evenly, thin layer over the tissue and beyond its margin, 
afford moist surface for When transferring the 
culture, the excess fluid removed means piece sterile 
filter paper, and the culture cut the usual way. Because the 
retraction the tissue, most important extirpate the tissue 
such way that part the plasma clot remains the periphery 
the excised culture. Otherwise, the cells will embedded old 
clot and further growth will prevented. 

advisable embed the cells the medium during the first 
few passages. connective tissue cells should present, they 
are much more easily distinguished, because their characteristic 
appearance when they grow the middle the clot. When 
fibroblasts can detected, the cultures are allowed grow the 
free surface the clot, covered only small drop tissue juice. 
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II. 


RESULTS. 


The outgrowth new cells appears fine mosaic structure. 
The size the epithelial layer conglomerated cells depends very 
much the consistency the media. When cultivated the free 
surface the plasma clot, the new growth appears continuous 
sheet cells pavement formation (Fig. When cultivated 
the middle the clot, smaller and larger peninsulas cells grow out, 
and sometimes few single cells. 

For some while there has been discussion the reason for 
the disappearance epithelium when cultivated vitro. This fact 
has been brought out connection with assumption 
that dedifferentiation the epithelial cells the type fibroblasts 
takes place vitro. This does not seem correct, and more 
apparent phenomenon. Several investigators, among them Uhlen- 
have shown that the shape the cells cultivated vitro 
depends upon the structure and consistency the culture medium; 
other words, purely mechanical facts. taking the precaution 
cultivation under the same mechanical conditions, namely moist 
surface plasma clot, herein described, the cultures present typi- 
cal epithelial characteristics after months cultivation they did 
the 1st day. Whenever desired, the epithelial cultures can 
embedded the solid plasma clot and the supposed dedifferentiated 
epithelial cells can reconstructed; and repeated cultivation the 
surface brings the fusiform cells back the polygonal type epithe- 
lium. purely matter mechanical conditions. the periph- 
ery ordinary, well grown epithelial cultures, made the surface 
the clot, some more less elongated, spindle-shaped cells appear. 
These are found mostly when the outlines the growth reach the out- 
lines the moist surface; the border the area which covered 
the tissue juice. Then they embed themselves the solid clot and 
become elongated because the This same phenom- 
enon has been described his experiment epithe- 
lial cultures from frog skin. seems have found just the reverse 
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the observation stated above; namely, that the elongated, fusiform, 
epithelial cells grow out only the very medium,” and com- 
pact sheets when cultivated “‘firm medium.” This may 
explained the following way: when the culture medium made 
soft Uhlenhuth’s® experiments, but not quite fluid, the fibrin 
are sparsely present that the few cells which grow out 
stick them the only support, and become spindle-shaped for 
that reason. The same phenomenon occurs when tissue cultivated 
fluid medium which cotton threads! spider net (Harri- 
used for framework. some cases, when cultures were 
made the firm clot, may that the tissue cells found their sup- 
port dense and homogeneous. others, the transplanted fragment 
tissue may have been more less near the surface the clot and, 
for that reason, the cells may have grown out the surface con- 
tinuous layers. 

The epithelial strain now under cultivation very easily mul- 
tiplied. The strain took its origin from five cultures, and the 
elapsed time they have been increased between and 60, though 
the speed the growth seems slower than that fibroblasts. 
The ability proliferate seems also have increased recently; 
whether this due improved technique making the cultures 
whether the cells have become better adapted the life 
difficult say present. noteworthy that the cultures made 
from fresh tissue are often continued for several passages before the 
epithelium begins grow. similar stage latency has been 
observed Uhlenhuth® epithelial cultures. 

The epithelial cells cultures cause liquefaction the plasma 
clot higher extent than those connective tissue cells, and 
the epithelial tissue itself when excised from the culture has peculiar 
mucous character and retracts easily, does drop mucus. The 
most characteristic feature about the growth epithelium that 
the cells keep close together and grow pavement formation. Nu- 
merous mitoses are found the cultures and different stages 
amitotic cell division (Figs. and 5). Most the investigators 
who have cultivated epithelial cells vitro state that they did not 
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observe any mitosis. After cell division, the new cells not seem 
move very far from the point where the division took place. The 
photographs show such ability form continuous layer (Figs. 
4). Very often looking the cultures, one reminded 
cross-section epithelial glandular tissue; that is, not only the 
cells grow pavement formation, but they seem have tendency 
arrange themselves structure resembling the acini glandular 
tissue (Figs. dedifferentiation such that suggested 
Champy’ has taken after months cultivation vitro. 
The appearance the cells the present time identical with that 
observed after the first passage. rate proliferation increas- 
ing. Every culture doubles size after days. 


CONCLUSIONS. 


strain pure epithelial cells was obtained from the part 
the iris which adheres the extirpated lens. 

The optimum condition under which epithelial cells grow 
vitro the free surface the plasma clot under film embryonic 
tissue juice. 

The epithelial cells did not dedifferentiate. Although the strain 


months old, they grow pavement membrane and have kept 
their epithelial characteristics. 


EXPLANATION PLATES. 
PLATE 11. 


Fic. Photograph living culture epithelium weeks old. Shows the 
characteristic growth for epithelial cells. about 135. 
Fic. Stained culture epithelial cells, weeks old. Shows the epithelial 


pavement formation; mitosis may seen. few proliferation centers may 
noticed. about 660. 


PLATE 12. 


Fic. Stained culture epithelial cells, weeks old. the left may 
seen the beginning amitotic cell division. 1,100. 
Fic. Stained culture epithelial cells months old. 1,425. 


PLATE 13, 


Fic. Different stages mitosis epithelial cells cultures. 


PLATE 14. 


Typical cell arrangement epithelial cultures. 700. 


PLATE 11. 


(Fischer: strain epithelium.) 
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STUDIES X-RAY EFFECTS. 


IX. SERUM FROM ANIMALS 


JAMES MURPHY, M.D., HENG LIU, M.D., ERNEST STURM. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


15. 


(Received for publication, October 17, 1921.) 


the course investigation the biological effects x-rays 
was noted that while larger doses this agent destroy lymphoid 
tissue, very small exposures, after causing slight amount de- 
struction, will bring about actual stimulation this The 
mechanism the stimulation phenomenon considerable interest 
owing, among other things, the relation the lymphoid tissue 
cancer resistance. most satisfactory stimulation has been ob- 
tained with x-rays comparatively long wave-lengths and, therefore, 
low penetrating power. fact, the best results have followed 
exposure the rays from specially constructed tube with window 
which permits the emission larger proportion the soft rays than 
are given off the standard tubes; and this tube operated with 
spark-gap the very small dose used here, approxi- 
mately per cent absorbed the first cm. tissue, and over 
per cent before the rays have penetrated the depth 
while depth cm. only 0.56 per cent the rays remains. 
seems extremely doubtful, therefore, whether these rays penetrate 
the deeper lymphoid organs sufficient strength bring about 
any change; yet these organs show much evidence stimulation 


Jas. B., and Morton, J., Exp. Med., 1915, xxii, 800. Thomas, 
M., Taylor, D., and Witherbee, D., Exp. Med., 1919, xxix, 75. 
Nakahara, W., Exp. Med., 1919, xxix, W., and Murphy, Jas. B., 
Med., 1920, xxxi, 13. 

Nakahara, W., and Murphy, Jas. B., Exp. Med., 1922, xxxv (in press). 
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destruction the organs which are superficial enough 
directly acted upon the rays. 

This observation has led consideration the possibility the 
spleen and lymph gland changes being secondary some alteration 
the circulating blood other tissues, brought about the action 
the x-rays. The point one that has already been the subject 
several investigations. Linser and experiments led them 
conclude that the serum from x-rayed animals contained leucotoxin 
which injection into other animals produces destruction the 
circulating leucocytes. The leucotoxin was destroyed heating 
55-60°C. The toxin, according these authors, transmitted 
from mother fetus through the placenta. Capps and Smith‘ 
reported similar findings, with the serum from successfully treated 
leucemia patients, and state that the serum from x-ray-treated 
case when injected into untreated case causes definite 
fall the number white blood cells. Curschmann and 
also state that serum from x-ray-treated cases leucemia, 
dilution 1:100, causes rapid destruction leucocytes vitro. 

Later Klieneberger and failed confirm any the 
above experiments, which true also other observers’ with refer- 
ence the called leucotoxin the serum x-ray-treated in- 
dividuals. 

With the evidence hand indicating the indirect action the 
x-rays the lymphoid tissue, seemed interest reopen the 
question and determine whether not the serum x-rayed animals 
has any effect lymphoid cells vitro. 


The Effect Serum from X-Rayed Animals Lymphoid Cells 
Vitro. 


number healthy young rats were exposed dose x-rays 
governed the following factors: spark-gap inches; milliamperes 
10; distance inches; time minutes. Immediately following 


P., and Helber, E., Deutsch. Arch. klin. Med., 1905, 479. 
A., and Smith, F., Exp. Med., 1907, ix, 51. 

H., and Gaupp, O., Miinch. med. Woch., 1905, lii, 2409. 
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this treatment the animals were anesthetized and exsanguinated 
aspiration the heart. The blood was placed test-tube, and 
after clotting was centrifuged. The serum was then drawn off 
and again centrifuged high speed remove any remaining cells 
fibrin. Serum was collected the same manner from like number 
normal rats. After the blood had been drawn from the normal 
rats, the thymus and mesenteric lymph glands were removed under 
aseptic conditions. The glands were freed from adherent tissue 
and were then divided nearly possible into equal parts that 
two lots were made, each having half the thymus and half the 
mass mesenteric lymph glands number different rats. 
One the portions was then mixed with the serum from normal 
rats and the other with serum from the x-rayed rats and each was 
then ground thoroughly mortar, and the resulting suspensions 
were passed through filter paper under suction remove the 
fibrous tissue and cell clumps. Counts were made the two filtrates 
determine the number cells present, and then enough the 
two sera was added reduce the counts between 10,000 and 
20,000 cells Another count was made the suspensions 
after they had been well shaken standardize the suspension. The 
tubes were tightly plugged and placed water bath 37°C. for 
hours. were then removed, well shaken, and counted, and 
again after hours the water bath this procedure was repeated. 
Films were the time each count and stained with Wright’s 
blood stain. The enumeration each case was made two individ- 
uals different samples the suspension and when there was 
divergence, the mixtures were reshaken and the counting was repeated. 
Many counts were checked with the high power lens the micro- 
scope make sure that fragments and debris were not included. 

Table gives the tabulated results fourteen such experiments 
which Serum from normal animals and Serum from x-rayed 
animals. 

The average these fourteen experiments (Text-fig. shows that 
the cells suspended normal serum decreased over 3,000 during 
the first hours and another thousand the end the hour 
period. The cells the serum from x-rayed animals increased 
over 3,000 cells the first hours and showed only slight drop be- 
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tween the and hour periods. the end the period observa-. 


tion the counts showed the suspensions still had some 3,000 cells more 
per mm. than the original suspension. 

Examination large number stained films made from these 
suspensions the hour period showed among the cells suspended 
serum from x-rayed animals fairly large number mitotic figures 
The average was little less than one mitosis thin film, 


20,000 20,000 
19,000 19,000 
n 
18,000 
17,000 17,000 
16,000 16,000 
| 
o 
— 
12,000 12000 

11,000 11,000 

10,000 10,000 

incubation incubation incubation incubation incubation 


Text-Fic. Graphic representation the average Experiments 14. 
Graphic representation the average Experiments 17. 


and occasionally three more were found film. only one 
instance was dividing cell found the normal serum suspension. 
The amount disintegration the cells, judged the number 
degenerated forms found the smears, just rapid the serum 
from x-rayed animals that from normal animals. Apparently, 
therefore, the proliferation the cells contact with serum from 
x-rayed animals sufficient replace not only the disintegrated 
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cells but also actually increase the total number. large number 
films prepared from the suspensions before incubation failed 
show any mitotic figures, thus ruling out the question the dividing 
cells being carried over any appreciable numbers from the glands. 

unsuccessful attempt was made extend the above observa- 
tions rabbits, but the fragility the lymphoid cells was such that 
the end the hour period accurate counts could made. 
The cells guinea pigs showed less tendency disintegrate and 
small increase the number cells suspended serum from 
x-rayed animal was noted. However, the rate disintegration 
was too rapid obtain definite consistent results. Finally, rat 
lymphoid cells suspended serum from rabbits were destroyed 
rapidly make impossible secure accurate counts. 


The Duration the Stimulative Quality Serum from X-Rayed 
Animals. 


order test the length endurance the stimulative effect 
the serum from x-rayed rats, the above experiments were repeated, 
except that this series the blood was taken hours after the x-ray 
treatment was given. The results these observations are given 
Table II. 


TABLE 


No. cells suspension. 


Time. 


Experiment 15. Experiment 16. Experiment 17. 
Serum A. | Serum B. | Serum A. | Serum B. | Serum A. | Serum B. 
Before 23,700 15,500 14,880 17,480 19,040 14,100 
After hrs. incubation....... 14,080 14,350 11,440 15,240 13,500 12,700 


Serum from normal rats, Serum from rats hours after dose 


will seen that active stimulative effect the serum from 
x-rayed rats lost hours after the treatment (Text-fig. 2), 
but may noted that the rate disintegration retarded some- 
what the serum from the x-rayed animals. not clear whether 
the retarding action represents actual slowing down the disin- 
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tegration rate whether there enough stimulation substance 
remaining bring about less rapid fall the count cell mul- 
tiplication. The finding one mitotic figure the comparatively 
small number preparations studied suggests the latter possibility. 


The Effect Serum X-Rayed Lymphoid Cells. 


quantity serum was prepared from normal rats the same 
manner the preceding experiments. Half this was exposed 
directly x-rays the same amount that given the animals 
the previous experiments. 

The cell suspensions were prepared the same manner described 
above with the normal and x-rayed serum. The results these 
experiments are given Table III. 


TABLE 


No. cells suspension. 


Time. 


Experiment 18. Experiment 19. Experiment 20. 
Serum A.} Serum B. | Serum A. | Serum B.} Serum A. | Serum B. 
Before 19,100 16,000 17,500 15,200 9,850 13,360 


Serum from normal rats, Serum normal rat serum exposed x-rays 
vitro. 


Thus the serum x-rayed vitro proved devoid stimulative 
effect the suspended lymphocytes, but the preceding experi- 
ment there was retardation fall the cell count (Text-fig. 3). 


Variations the Response Lymphoid Cells Stimulative Effects. 


all the experiments described above, the cell suspensions were 
prepared from the thymus and mesenteric lymph glands usually 
five rats. Each mass glands was divided into two parts that 
the final suspensions contained about equal amounts the tissue from 
each animal used the experiment. will noted the figures 
given that there was considerable variation the amount stimula- 
tion the various experiments, although the dose x-rays was the 
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same throughout. Hence test was made ascertain whether 
the cells the thymus and the lymph gland shared equally the 
stimulation and also whether there was striking individual variation 
the degree response between cells different animals. 


16,000 


Number cells per Suspension 
oOo 
co] 
[=] 


5,000 
4,000 
Before After 4hrs. Before After2hrs. 4hrs. 
incubation incubation incubation 


Text-Fic. Graphic representation the average Experiments 20. 
Graphic representation the average Experiments 25. 


Serum from normal and x-rayed rats was prepared according 
the method described the first series experiments. The thymus 
from two rats and the lymph glands from the same two animals were 
prepared separately yield suspension thymus cells serum 
from x-rayed rats, and suspension thymus cells from the same 


| 
hym 
| | 
| 
14,000 
000 
4 
5 150 
| 
{2,000 
“4 


381 


JAMES MURPHY, HENG LIU, AND ERNEST STURM 


“spuryz |, “spurs |, “spurys |. “spurya |, “spurs |. |. *spueys |, “spurs 


animals normal serum. like suspensions the lymph glands 
from the same animals the two sera were prepared for comparison. 
Table shows the result four such experiments. 

Another like experiment was carried out, test the response 


glands from different groups rats the same serum from x-rayed 
animals. 


The figures for these experiments are given Table 


TABLE 


No. cells suspension. 


Experiment 25. 


Time. 
Before incubation............| 16,970 14,000 10,200 17,800 3,750 
After hrs. incubation....... 11,600 9,100 11,840 18,800 4,150 


Serum from normal rats, Serum from rats immediately after dose 
x-rays. 


obvious from these experiments that the thymus and lymph 
gland cells are affected about equally the serum from x-rayed 
animals (Text-fig. 4), although the thymus cells from some animals 
respond more readily than the lymph gland cells from the same 
animals, while others the opposite true. 

There also considerable variability the stimulative power 
the same serum the lymphoid cells different individuals. 


The Effect the Serum from Animals after Very Large Dose 
X-Rays Lymphoid 


further experiments, attempt has been made determine 
whether there destructive action the lymphoid cells serum 
from animals after very large dose x-rays. Rats were exposed 
for hour dose x-rays, otherwise governed the same factors 
the preceding experiments, and the effect the serum these 
animals was tested lymphoid cell suspension. There was 
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evidence stimulative effect, nor was there any more rapid dis- 


integration the cells than was observed take place the normal 
serum. 


DISCUSSION. 


The experiments reported here fail show any evidence the 
presence called lymphotoxin the serum x-rayed animals, 
even exposure large cause almost complete destruc- 
tion the lymphoid tissue the living animals. true, however, 
that these experiments are not exact repetition the earlier work 
along this line, but seems probable that any such leucotoxic sub- 
stance was present the serum x-rayed animals, some indication 
would have appeared among our results. difficult conceive 
resulting from comparatively small dose x-rays given leuce- 
mic patient. much more difficult judge the reported results 
the injection serum from x-rayed individual into animals, 
for there the complicating effect the foreign protein reaction 
taken into account, well the instability the blood counts 
the rabbit and guinea pig, the animals used for these tests. regard 
the latter point our experience has been that necessary 
resort extreme measures precaution order get fairly 
stable blood picture such animals. 

The source and character the stimulus for lymphoid cells con- 
tained the serum from x-rayed animals are questions about which 
there yet little said. The fact that this stimulative quality 
not possessed serum x-rayed vitro suggests that the change 
not simple one the serum itself. Furthermore, known that 
the stimulation lymphocytes induced x-rays always 
preceded certain amount destruction lymphoid cells, 
fact suggesting the possibility the stimulating substance being the 
nature disintegration product lymphoid cells. 

There ample proof, both from the cell counts and the presence 
mitotic figures, that multiplication actually takes place cells 
fluid medium, although has generally been supposed that matrix 
some kind necessity for growth. other explanation the 
results described apparent than that cells are capable being 
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stimulated active multiplication fluid medium, and that such 
stimulative agent present the serum x-rayed animals. How 
great part this agent plays the stimulation observed take place 
vivo after small dose x-rays still determined. 


SUMMARY. 


Lymphoid cells, prepared from the thymus and lymph glands 
rats, when suspended the serum x-rayed rats and incubated for 
hours, increase number from per cent, and mitotic 
figures are found among these cells fairly large numbers. 
suspension cells normal serum undergoes rapid disintegration 
and only one instance among large number films examined was 
mitotic figure found. 

The stimulative effect the serum from x-rayed rats endures from 
hours after the exposure but not detectable the serum 
taken hours later after the treatment. Serum x-rayed vitro 
devoid stimulative action. 

The lymphoid cells rabbits and guinea pigs are fragile 
make impossible the obtaining counts accurate enough for experi- 
mental purposes. serum one species caused such rapid dis- 
integration the cells another that was impossible determine 
the specificity the reaction. 


EXPLANATION PLATE 15, 


Mitotic figures found among the cells suspended serum from x-rayed 
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(Murphy, Liu, and Sturm: Studies x-ray effects. IX.) 
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THE MEASUREMENT INTRAVENOUS 
TEMPERATURES. 


HARRY CLARK. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


16. 


(Received for publication, October 20, 1921.) 


The temperatures various parts the body, determined with 
the ordinary clinical thermometer are, general, different, and 
the differences are not always consistent. cannot assume, there- 
fore, that such measurements give true index the mean internal 
temperature the body, which may perhaps best identified with 
the temperature the blood flowing large blood vessels. More- 
over the instrument itself not free from objection. Its heat capacity 
sufficiently great lower appreciably for some time the tempera- 
ture tissue with which comes contact, and its response too 
slow follow fluctuations found with more sensitive apparatus. Al- 
though measurements made with clinical thermometer are doubtless 
quite satisfactory for most purposes, possible that, for certain 
kinds experimental work, fairly accurate determinations blood 
temperatures may prove interesting. Apparatus which has been 
devised for this purpose the author described below. 

The temperatures are measured thermoelectric method, 
which one makes use the fact that the discontinuity electric 
potential junction two dissimilar metals depends only the 
nature the metals and the temperature the junction. closed 
circuit two metals contains, course, two opposed junctions. 
the second these junctions kept known constant temperature, 
the resultant thermoelectric force the circuit the difference 
between the potential discontinuities the two junctions, and this 
function the temperature the first junction only. 

This thermoelectromotive force may used either two ways 
measure temperature. may measured directly means 
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binding post set wax the glass tube space between 
and contains mercury, above which packing cloth. The 
copper screw plug connected another copper post top 
the thermostat. All posts and other metal parts having with 
the thermoelectric circuit are attached the upper disc, hard 
rubber, while the posts for heating current are set the lower disc 
The metal plate between these discs may grounded. The 
heating current, therefore, cannot leak into the thermoelectric circuit. 
The cap protects the screw from accidental change adjustment. 

The resistance wire for the heating current has resistance 
about ohms and operated from the 110 volt lighting circuit 
through external series resistance consisting watt, 110 
volt lamp. When the mercury makes contact with screw the heat- 
ing current short-circuited through the mercury. With the regula- 
tor set for temperature 37°C., the room temperature being 20°C., 
the heating about seconds and off about seconds. cal- 
culation shows that the mean fluctuation temperature the mer- 
cury bath could not exceed 0.02°C. under the worst conditions, but 
since the heat introduced the outer surface the flask—the 
only place where heat can escape from the flask—there con- 
sistent flow heat through the mercury and therefore probably only 
negligible fluctuation temperature the middle, and this 
further decreased the presence the mercury between and 
The use the mercury contact short-circuit the heating 
current rather than operate relay has distinct advantage that 
there arc when the contact broken. The currents and voltages 
which can handled this way without arc are, however, small and 
had found preliminary experiments. This thermostat has 
been run almost continuously for several months and though the 
mercury surface exposed air, still perfectly clean and bright. 
Its action has been studied with high sensitivity galvanometer and 
temperature fluctuations have been found. 


The Galvanometer. 


Leeds and Northrup type galvanometer 2500-a used, since 
the sensitivity such that the desired range temperature covers the 
cm. scale distance meter, the damping critical, and the 
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metal plate which fastened the wall. The galvanometer 
packed cotton and the box provided with copper posts for external 
connection. 

The external circuit from the thermostat through the switches 
the galvanometer, including binding posts, wire terminals, etc., 
copper. ohm copper resistance mounted with the switches 
provide critical damping for zero readings, and correct for 
slight stray thermoelectric forces the galvanometer. The switch 
mounted metal ground-plate. The insulated connecting wires 
are protected against leakage being wrapped with copper wires 
fitted with terminals for connection the ground-plates switch, 
galvanometer, and thermostat. 


Preliminary Tests the Apparatus. 


Calibration curves were taken with large water bath, stirred 
motor, the temperatures being read with microscope 
Bureau Standards thermometer divided 0.1°C. The curves 
are smooth and consistent within 0.01°C. save for few isolated 
points the worst which are within 0.02°C. the curve. The ap- 
paratus therefore not more error thermometer readings, 
probably much less. Readings accurate 0.01°C. are obtained when 
the needle immersed water depth only mm., and equilib- 
rium reached within the normal time damped swing the 
galvanometer. Placed the left ventricle the heart rabbit, 
equilibrium was reached with the same degree promptness after 
the flow blood into the pipette was established. therefore 
safe assume that the error intravenous measurements will not 
greater than 0.01°C. 


EXPLANATION PLATE 


Fic. The longer unit the needle unit, the end which inserted into the 
blood vessel. small tube inside the pipette and needle contains the two 
wires the thermocouple. The shorter unit used for taking mouth tempera- 
tures, 

Fics. and The thermostat which maintains the second thermocouple 
constant temperature. 
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VENEREAL SPIROCHETOSIS AMERICAN RABBITS. 


HIDEYO NOGUCHI, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


20. 


(Received for publication, November 10, 1921.) 


Ross,! 1912, discussion intracellular phase Treponema pallidum, 
mentioned disease rabbits characterized chancres, buboes, ulcers the 
genitals, mouth, anus, etc., which reported finding cell inclusions the 
mononuclear leucocytes similar those which had found human syphilis. 
suspected that there might spiral phase the parasite the rabbit dis- 
ease, and Bayon? undertook the examination the genital lesions, which 
found spiral organism indistinguishable from 
Similar lesions appeared other rabbits days after inoculation the material 
containing the spiral organism. Bayon described the rabbit spirochete being 
about one and half times the diameter blood corpuscle length, having 
closely set, deep, rather elastic curves, and showing rotating but not lashing 
movements. remarked that students experimental syphilis the rabbit 
should take note the presence this new species Treponema. 

Arzt and 1914, reported finding peculiar scaly, papular, erosive 
lesion, with crust, around the anogenital region apparently normal rabbits, 
spiral organisms morphologically indistinguishable from Treponema pallidum. 
850 rabbits examined them, 26.9 per cent showed the same organism, and 
one series 189 adult rabbits the spirochetes occurred 34.4 per cent. Arzt 
and transmitted the spirochetal affection applying the scarified vulva 
prepuce normal rabbits the exudate from the lesion rabbit showing the 
spontaneous disease. After several weeks incubation, the inguinal lymph nodes 
became somewhat enlarged, and the spirochetes appeared. Similar lesions 
lips and clitoris showed the spirochete large inocula- 
tions were unsuccessful, possibly because the contaminated nature the 
material, and inoculations into the scarified eyebrows two monkeys were 
negative. 


Ross, H., intracellular parasite developing into Brit. Med. 
J., 1912, ii, 1653. 

Bayon, H., new species Treponema found the genital sores rabbits, 
Brit. Med. J., 1913, ii, 1159. 

L., and Kerl, W., Weitere Mitteilungen bei 
Kaninchen, Wien. klin. Woch., 1914, xxvii, 1053. 
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With view differentiating between this organism and Treponema pallidum, 
Arzt and inoculated the testicle rabbit suffering from the disease 
question with strain Treponema pallidum. The inoculation was successful, but 
since syphilitic rabbit can superinfected doubly infected, shown 
and Uhlenhuth and conclusion was drawn. importance 
was attached the Wassermann reaction, and attempt employ antigen 
complement deviation test tissue from syphilitic orchitis the rabbit failed. 
Examination certain stocks where experimental work 
syphilis the rabbit had ever been done, showed the same disease prevail. 

Similar observations were made Hamburg rabbits Jacobsthal 1920.8 
The lesions present were situated the vulva and were squamous, erosive 
kind. The dark-field microscope revealed, the lesions and the vaginal secre- 
tion, numerous spirochetes resembling pallidum. Jacobsthal thought the spiral 
organism trace thicker than and not exhibit the undulatory 
movements characteristic the latter. Transmission experiments with mice 
and guinea pigs were negative, but lesions were reproduced female rabbits 
three instances scarification the vulva, after incubation period 
weeks. chancre-like lesion was noted one animal. proposed calling 
the disease paralues cuniculi and the organism Spirocheta paraluis cuniculi.® 

Later 1920, stated that the peculiar lesion the rabbit 
disease papular and ulcerative form and transmitted the incuba- 
tion period varying from days. 

1921 observed spirochetal lesions five Dutch rabbits. Inoc- 
ulations the spirochete-containing material scarification into the perineal 


L., Spirochitenbefunde ungeimpfter Kanin- 
chen, Dermat. Z., 1920, xxix, 65. 

M., Ueber die des Kaninchens syphili- 
tischen Reinfektionen, Centr. Bakt., lie Abt., Orig., 1910, liv, 337. 

Uhlenhuth, P., and Mulzer, P., Beitrige zur experimentellen Pathologie und 
Therapie der Syphilis mit besonderer Beriicksichtigung der Impf-Syphilis der 
Kaninchen, Arb. Gsndhtsamte, 1913, xliv, 307. 

L., and Kerl, W., Zur Frage der Dermat. Woch., 
1920, Ixxi, 1047. 

Jacobsthal, E., Untersuchungen iiber eine Spontanerkran- 
kung des Kaninchens (Paralues cuniculi), Dermat. Woch., 1920, 569. 

Arzt and remind Jacobsthal that neither incubation time nor histological 
changes the lesion warrant the differentiation this disease from experimental 
syphilis rabbits. 

Schereschewsky, J., Geschlechtlich Kaninchensyphilis 
und Chinin-Spirochitotropie, Berl. klin. 1920, 1142. 

A., Recherches expérimentales avec spirochéte, trouvant 


spontanément chez lapin ressemblant Treponema pallidum, Ann. Inst. 
Pasteur, 1921, xxxv, 326. 
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region normal rabbits gave rise, days later, slightly excoriated hyperemic 
reaction without induration, while the scarified dorsal skin superficial lesions 
with white crust appeared after months incubation. The lesions showed 
spirochetes. Intraocular inoculations rabbits resulted some instances 
ulcer the upper lid and keratitis after days; intratesticular inocula- 
tions failed give any spirochetal orchitis. 


Spontaneous Instances 


The facts reviewed the foregoing paragraphs suggested the 
examination American rabbits. The same condition has been 
found among the stock rabbits The Rockefeller Institute. 
rabbits examined June, 1921, three females and two males were 
found have lesions the vulva, prepuce, and perineum. One 
(No. the female rabbits was born The Rockefeller Institute 
years ago, has been kept normal breeding stock ever since, and 
has never been used for any experimental work. 

Recently (November, 1921) six females with similar lesions have 
been found among twenty rabbits just purchased Pennsylvania. 


Rabbit female; used for breeding purposes for several months. 
June 29, 1921. Scaly ulcerative lesions covered with grayish white crusts present 
both sides vulva (Fig. 38). Upon removal the crusts with forceps, 
granular, easily bleeding surface was exposed. The crust and scrapings from 
the exposed ulcer both revealed the presence fairly large numbers spiral 
organism resembling Treponema pallidum (Figs. 13, and 17). The lesions per- 
sisted without much change extent and character the last examination 
(Sept. 26, 1921). Spirochetes were still numerous. Tissue was removed June 
29, 1921, for inoculation and histological studies. The animal was sacrificed 
Sept. 27, and the lymphatic glands were examined for the spirochetes. 

Rabbit nursing female. June 30,1921. Found have small, scaly, 
rather dry lesions both sides the vulva; ulceration. Scrapings examined 
dark-field microscope showed small numbers spirochetes resembling 
dum. The lesions remained unchanged the last examination (Oct. 13, 
1921), but spirochetes were more numerous that time. The three young 
rabbits remain entirely free from any lesion, although kept with the mother during 

Rabbit female; born The Rockefeller Institute 1915 and kept 
breeding stock since. June 30, 1921. Scaly, papular elevation thickening 
the vulval region both sides (Fig. 39), covered thin grayish crusts over 
the center the hyperemic lesions. Examination for spirochetes revealed one fine 
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type enormous numbers (Figs. 14, 15, and 20) and another decidedly 
coarser type smaller numbers (Figs. and 29). Tissue was excised 
June 30, and July 15, 1921, for section and for inoculation. July 20, 1921, 
there was perceptible change the lesion, and numerous spirochetes were still 
present animal was later treated with salvarsan (see below). 

Rabbit 4.—Normal adult male; recently purchased. July 1921. Presented 
small congested and quite swollen but not indurated lesions the prepuce (Fig. 
40), covered with thin crusts; the lesions bled easily when the crusts were removed. 
The dark-field microscope showed numerous spirochetes similar those found 
the other animals (Figs. 16,.and July 20, 1921, there were still 
spirochete-containing lesions. Toward the end September scaly papular 
lesions were noticed nose and lips (Fig. 42), eyelid (Fig. 43), and paws (Fig. 
44), and the spirochetes were found present there also. 

Rabbit adult male; recently purchased. Sept. Prepuce 
swollen and covered with grayish thin scales, under which the tissue was granular, 
soft, somewhat edematous, and congested (Fig. 41). Numerous spirochetes 
present. Lesion excised for histological examination. 


Spirochetes. 


The type spirochete existing the lesions the five rabbits 
just described closely resembles Treponema pallidum. The measure- 
ments are: length width 0.25 The spiral amplitude, 
regular portions, about 1.2 and the spiral depth 0.6 
hence the number spirals individual measuring may 
about 10. The last spirals near the extremities are often 
shallower than those the middle portion vice versa, and the ends 
are sharply drawn. delicate terminal filament has been seen 
one, and sometimes both ends. The shortest specimens measured 
spirals (Fig. 4). The average about (Figs. 
and 6), the organism being slightly longer than the 
human lesions. experimentally inoculated rabbits specimens 
pallidum long may encountered, but the single length 
(Figs. 37), specimens with stretched spirals appear stained 
preparations (Figs. and 26). 

the lesion Rabbit there were present two types spirochete, 
one the usual fine type and the other decidedly coarser than the 
average. The morphology the coarser variety suggests that 
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Treponema calligyrum found the writer the human condyloma,” 
but somewhat longer than calligyrum (14 width 0.35 
The spiral amplitude 1.2 1.75 and the spiral depth 0.6 
(Figs. and 29). This form perhaps trace thinner and 
longer than the calligyrum, medium type smegma treponema 
the normal human genitalia. The organism rotates actively, with 
occasional bending the middle, but vibratory lashing move- 
ments have been observed. 

The rabbit treponema forms entangled masses long threads, 
least (Figs. and phenomenon not recall having seen 
the case Treponema pallidum. The agglomeration organisms 
striking stellate mass several dozen individuals frequently 
observed (Fig. 10). similar behavior has been observed young, 
actively motile, pure cultures Treponema pallidum. Both pallidum 
and the rabbit treponema sometimes form ring touching one 
end with the other while actively rotating, and occasionally they 
make knot themselves. film preparation from the lesions 
Rabbit stained Fontana’s method, occasional wavy, but not 
spiral forms were seen; perhaps they were degenerated involution 
forms (Figs. and 31). 

The staining properties these rabbit spirochetes are the same 
those Treponema pallidum. Both can readily stained ordi- 
nary basic aniline dyes when fixed buffered formaldehyde solution, 
shown Miss proposed for the organism 
the name paraluis cuniculi, but view its close re- 
semblance Treponema pallidum and Treponema pertenue may 
perhaps more appropriate use the simpler name Treponema 
cuniculi. 

Examinations smegma and mucous secretions the genitalia 
many normal male and female rabbits failed reveal any spiro- 
chetal organisms, which circumstance does not course exclude the 
possibility that spirochetes are occasionally present such materials. 
Noguchi, H., Cultivation Treponema calligyrum (new species) from condy- 
man, Exp Med., 1913, xvii, 89. 


Noguchi, H., note the venereal spirochetosis rabbits. new technic 
for staining Treponema pallidum, Am. Med. Assn., 1921, 2052. 
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Histology the Lesions. 


Excised tissue from the undisturbed spontaneous lesion the 
prepuce Rabbit (Fig. 41) was fixed Zenker’s fluid and sec- 
tions were stained with hematoxylin-eosin and eosin-methylene 
blue. The epidermis was thickened and the were large 
and prominent; the infiltration was spotty and mainly confined 
the interpapillary layers. The new cells were mainly mononuclear, 
partly eosinophils, and few polymorphonuclears were present. 
general features the lesion suggests condyloma. Although cer- 
tain blood vessels were surrounded mononuclear cells, definite 
endothelial proliferation was apparent (Fig. 48). The lesion 
described may taken the pure type before secondary bacterial 
infection has come induce acute inflammation and mar the pic- 
ture. Once ulceration has taken place, the vulval lesions 
Rabbits and (Figs. and 39), the interpapillary infiltration 
mononuclear cells accompanied numerous polymorphonuclear 
leucocytes, which invade also the stratified layers the thickened 
epidermis. Minute hemorrhages and necrotic foci are then occasion- 
ally met with. 


For comparison with these lesions, scrotal chancre was induced 
with the Nichols strain Treponema pallidum long adapted the 
rabbit (since 1912). The chancre the 28th day was indurated and 
stood out oval mass from the surrounding loose connective tissue 
(Fig. 47); histology differed widely from the genital lesions induced 
the rabbit spirochete. The corium was highly infiltrated with 
mononuclear cells, some showing eccentric nuclei and checker-board 
chromatin. Polymorphonuclear leucocytes were absent. But the 
striking difference was the blood vessels, which were surrounded 
the new cells (Fig. 49). 

Repeated attempts stain the spiral organism the tissue 
means silver impregnation have been only partially successful. 
The organisms near the surface the lesion took the stain. 
careful teasing the deeper layers and dark-field examination, 
spirochetes have been found present all parts the lesions. 
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Transmission Experiments. 


rabbits and four (Macacus 
rhesus) were inoculated with the material containing the spirochetes, 
usually the scarified prepuce vulva. rabbits some intra- 
testicular, intracorneal, and intraocular inoculations were made; 
monkeys the scarified eyebrows, well prepuce vulva, were 
smeared with the scraping the rabbit lesion. the original 
rabbits was paired separate cage with normal rabbit opposite 
sex for the purpose sexual transmission. 

Reproduction the disease the vulva prepuce respectively 
was obtained all five the female and eight the eleven 
male rabbits inoculated (Table I). One strain (Rabbit produced 
two male rabbits superficial scaly, papular lesion the scrotal 
skin the site testicular inoculation (Fig. 45), and one them 
lesion developed also the prepuce. The results intratesticular 
inoculation were general unsatisfactory. most cases, owing 
the impure nature the material, more less acute suppurative 
orchitis ensued, and spirochetes these lesions. 
Negative results also followed intraocular and intracorneal inocula- 
tions and the application the material the scarified surface 
the cornea. The lymph glands were not noticeably enlarged either 
the original rabbits those inoculated. The inoculation 
emulsions popliteal and inguinal lymph glands from ten rabbits 
infected with Treponema cuniculi into both testicles four normal 
male rabbits did not produce any orchitis within months. the 
other hand, similar emulsions from rabbits infected with Treponema 
pallidum gave rise typical orchitis within month. 


additional monkeys were later inoculated with different strains Tre- 
ponema but none showed any lesion during period observation 
months. order determine whether the adaptation rabbits the human 
strain Treponema pallidum had rendered avirulent for monkeys, two mon- 
keys were inoculated with the Nichols strain (1912). Both presented typical 
lesions within month. Two monkeys inoculated from case human chancre 
showed typical lesions within The pathogenicity Treponema cunic- 
uli appears, therefore, different from that Treponema pallidum human 
syphilis. 
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The period incubation varied from days, the average 
being days. 

Subsequent five strains are being maintained rab- 
bits. The strain from Rabbit has now passed through four trans- 
fers: first, June 30, 1921, positive September (75 days); second, 
September 27, positive October (20 days); third, October 17, 
positive October days); fourth, October 24, positive November 
(17 days). 

Inoculations monkeys have remained the present months) 
without result. One the monkeys was inoculated with two different 
strains, right and left eyebrow respectively. Two other monkeys 
have recently been reinoculated the eyebrow, and also into the 
hypogastric region, with hypodermic needle, the infective 
being deposited intradermally. 

Sexual was kept the same cage with 
three males successively (July September 26), Rabbit with 
two males, and Rabbit with one male (July October 
bit 22, months after having been placed with Rabbit showed 
small papular lesion the prepuce which spirochetes were num- 
erous. 


Produce Chancre the Scrotum. 


Treponema pallidum from human syphilis capable producing 
chancre-like lesions the scrotum rabbits when small piece 
pallidum-containing tissue subcutaneously introduced (Tomas- 
Uhlenhuth and Brown and and others). 
determine whether not the rabbit spirochete capable pro- 
ducing similar lesion rabbits, portions the erosive, spirochete- 
containing lesion from the vulvolabial region Rabbit were in- 
troduced into the subcutaneous pocket each the scrota two 
adult male rabbits, two other adult males being simultaneously in- 
oculated with fragments freshly excised scrotal chancre from 
syphilitic rabbit (Nichols strain). 


Tomasczewski, Ueber eine Methode, bei Kaninchen Primiraffekte 
erzeugen, med. Woch., 1910, xxxvi, 1025. 

H., and Pearce, L., Experimental syphilis the rabbit. 
Primary infection the scrotum. Reaction infection, Exp. Med., 
1920, xxxi, 709. 
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One the rabbits (No. 23) inoculated with the rabbit spirochete 
showed one site insertion after days small crust under which 
the surface was soft, pale, and granular, but there was marked 
induration. Spirochetes were not found the lesion until days 
after inoculation. The other site remained small and reddish, with 
trace infiltration, but spirochetes were found. The other 
rabbit (No. 24) showed slight infiltration one site insertion 
(Fig. 46), but definite, chancre-like induration developed during 
months observation. Brownish scaly patches rich spirochetes 
appeared the right scrotum after days. 

the two syphilitic controls, Rabbit developed within weeks 
the site insertion the right scrotum typical chancre which 
attained diameter cm. days (Fig. The second con- 
trol (Rabbit 26) had not developed chancre days after inocula- 
tion. Two rabbits inoculated with chancre material from Rabbit 
developed typical chancres within weeks, while simultaneous 
inoculations from the slightly indurated (cuniculi) lesion Rabbit 
were unsuccessful. 

possible that chancre may yet produced with the rabbit 
spirochete inoculation large number animals. The number 
spirochetes the pallidum chancre rabbits never large 
that found the cuniculi lesions rabbits. 

For the purpose comparison, pallidum-containing material was 
applied the scarified prepuce vulva rabbits and gave rise 
chancre-like nodules. The appearance these lesions, however, was 
entirely different from that the lesions produced Treponema 

Typical cuniculi lesions may produced the scrotal skin pre- 
puce rabbits having active pallidum lesions, and the reverse also 
true. The infections appear follow independent courses. 


Wassermann Reaction. 


The sera the eleven rabbits with spontaneous lesions, and 
thirty-three experimentally inoculated from them, have been tested 
for the Wassermann reaction. The acetone-insoluble lipoids served 
antigen, and the inactivated sera were used quantities 0.1 
and 0.2 cc. Twenty-four the animals had active, spirochete- 
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containing lesions the genital region the time test; twenty had 
recently been inoculated and had not developed any lesions. The 
results the tests were uniformly negative. 

The sera four rabbits having active scrotal chancres (Nichols 
strain Treponema pallidum) were simultaneously tested; three gave 
strongly positive and the other partial (+) reaction. 
Twelve rabbits which had developed chancres months after inocula- 
tion vulva prepuce with pallidum gave strongly positive 
reactions. 

Thus far positive Wassermann reactions have been obtained only 
with the sera rabbits having active syphilitic lesions. Apparently 
complement-fixing substance, such exists the blood syphi- 
litic human beings experimentally infected syphilitic rabbits, was 
present the blood animals which had been infected with the 
rabbit treponema for periods varying from weeks many 
months. Whether not the fixing substance will eventually appear 
the sera these rabbits remains seen. 


Effect Salvarsan. 


Rabbit was given intravenously August 17, 1921, 0.02 gm. 
salvarsan per kilo body weight. Rabbit 27, having chancre 
thumb size each scrotum, was similarly treated the same 
time serve control. 


Rabbit 17, 1921. Showed papuloedematous, partially eroded, moist 
lesion, extending over the entire vulval region, including the labial mucosa and 
adjacent skin; perineum also scaly, congested, and swollen. Dark-field examina- 
tion revealed spirochetes large numbers. p.m. 4.4 cc. 1:10 dilution 
slightly alkaline salvarsan solution was intravenously administered (0.02 gm. 
per 1,000 gm. body weight). Aug. 18, p.m. Considerable reduction 
swelling, less irritation, apparent drying lesion; spirochetes found. Aug. 
20. Lesion near hair line vulva still somewhat moist and crusted, inferior por- 
tion practically healed; anal lesion still present. Spirochetes were longer found 
any the suspicious spots. Aug. 26. Only small scabs present. Sept. 13. 
Slight scaliness hair line vulva; spirochetes. 

Rabbit (human strain isolated Nichols 1912, 
since maintained rabbits) each scrotum, cm. diameter; cartilaginous 
induration, with small umbilicated center covered dark dry crust. Many 
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spirochetes present. 1:10 dilution slightly alkaline salvarsan 
(0.02 gm. per 1,000 gm. body weight) intravenously administered. Aug. 18. 
Lesions softer, smaller; spirochetes. Aug. 20. Lesions soft. Aug. 23. 
Lesions have almost disappeared. Sept. 13. trace lesions found. 


The experiment indicates that the lesions and the experi- 
mental scrotal chancre caused Treponema pallidum from human 
syphilis are similarly influenced salvarsan. both instances the 
spirochetes disappeared within hours after the administration 
the drug, and the lesions themselves within days. recrudes- 
cence has occurred. 


DISCUSSION AND SUMMARY. 


rabbits, otherwise regarded normal, three adult females 
and two adult males (10 per cent) have been found have their 
genitoperineal region certain papulosquamous, often ulcerating, le- 
sions. recently purchased group twenty rabbits contained six 
females (30 per cent) with similar lesions. This condition runs 
chronic course and characterized the presence spiral organism 
closely resembling Treponema pallidum. 

The rabbit spirochete has the same morphological features 
Treponema pallidum; possibly trifle thicker and longer than the 
average pallidum. Long specimens measuring are frequently 
encountered, and they show tendency form loosely entangled 
knots. stellate arrangement several organisms mass 
frequently observed. 

the lesion one rabbit there were two types spirochete, one 
the variety just described, the other somewhat coarser organism, 
closely resembling Treponema calligyrum found human condy- 
loma, but trifle thinner and longer. This organism perhaps 
merely variant type the rabbit spirochete. 

The histological reactions are similar to, but considerably less 
cellular, than those occurring typical primary syphilitic lesions. 
There marked hyperkeratosis and interpapillary infiltration not 
observed scrotal chancre. 

The disease transmissible normal rabbits, which the usual 
papular lesions can readily reproduced the genitoperineal re- 
gion. the first passages the incubation period varied from 
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days; subsequently one the strains produced lesion days 
the second, and days the third passage. typical or- 
chitis keratitis was produced the rabbits the present series, 
although one the original rabbits (No. scaly, papular lesions 
have developed the nose, lips, eyelid, and paws. Monkeys (Maca- 
cus rhesus) failed show any lesions within period months 
after inoculation. 

one instance transmission was accomplished through the ma- 
ting infected female with normal male. 

The Wassermann reaction was uniformly negative the five 
rabbits with spontaneous lesions and eighteen rabbits experiment- 
ally infected. 

Salvarsan had the same therapeutic effect the lesions produced 
the rabbit spirochete the experimental pallidum lesion the 
rabbit. 

The organism belongs the genus Treponema, and may 
designated Treponema cuniculi. 


EXPLANATION PLATES. 
17. 


Dark-field photographs. Magnification 1,000. 

Fic.1. cuniculi from Rabbit 

Fics. Treponema cuniculi from Rabbit Fig. shows one the 
very long specimens. 

The coarser type treponema from Rabbit 

Fics.9 Treponema cuniculi from Rabbit shows entangled 
mass the long forms. Fig. illustrates the agglomeration organisms 
stellate form which frequently seen. 

Treponema pallidum from experimental syphilitic orchitis the rabbit. 


18. 

Magnification 1,000. 

Film preparation exudate from Rabbit stained with Giemsa 
solution. 

Fics. and 15. Film preparation exudate from Rabbit stained with 
Giemsa solution. 

Fic. 16. Film preparation exudate from Rabbit Giemsa stain. 
Film preparation from Rabbit stained Fontana’s method. 
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Fics. 20. Film preparation from Rabbit stained Fontana’s method. 

Fics. 24. Film preparation from Rabbit stained Fontana’s 
method. 

and 26. Irregular forms Treponema cuniculi from Rabbit stained 
Fontana’s method. 

Fics. resembling Treponema calligyrum from Rabbit 
stained Fontana’s method. 

Fics. and forms from Rabbit 

and 33. Treponema pallidum rabbit orchitis, stained Fontana’s 
method. 

Fic. Treponema pallidum rabbit orchitis. Mordant Gentian violet. 

Fics. 37. Irregular forms Treponema pallidum from experimental 
scrotal chancre, stained Fontana’s method. 


19. 


the rabbit genitalia. 

Lesions Rabbit the nose and left upper lip. 

The same, the left eyelid. 

Fic. same, the left paw near the joints the nails. 

Fic. 45. erosive lesion the site intratesticular inoculation Rabbit 
(transfer from No. after incubation period days. There was only 
slight induration, but numerous spirochetes were present. 

The healing scar Rabbit the site pocket insertion the 
infective material the unsuccessful attempt produce chancre (photograph 
taken days after inoculation). Treponema cuniculi found after days. 

Fic. typical chancre, for comparison, the scrotum Rabbit 25, inocu- 
lated with the Nichols strain Treponema pallidum. Note the cartilaginous, 
well circumscribed, umbilicated chancre (photographed days after insertion). 


20. 


Fic. 48. Histological changes the lesion the prepuce Rabbit Zenker 
fixation, stained hematoxylin-eosin. Showing the marked hyperkeratosis and 
considerable mononuclear infiltration the interpapillary spaces. 75. 

Fic. 49. Section chancre scrotal skin Rabbit (Nichols strain) 
days after inoculation, showing typical interstitial and perivascular infiltration 
mononuclear cells, and almost normal epidermis. The same fixation and staining 
Fig. 48, shown for comparison. 75. 
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(Noguchi: Venereal spirochetosis American rabbits.) 
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(Noguchi: Venereal spirochetosis American rabbits 
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(Noguchi: Venereal spirochetosis American rabbits.) 
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PLATE 20. 


Venereal spirochetosis American 
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